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Abstract!
!
Cyanobacteria((blue=green(algae)(are(photosynthetic(prokaryotes(known(to(synthesize(
secondary(metabolites(with(biotechnological(potential.(At( the(Blue(Biotechnology(and(
Ecotoxicology( (BBE)( team( of( CIIMAR,( studies( have( been( performed( concerning( the(
bioactive( potential( of( cyanobacteria( isolated( from( the( Portuguese( coast( namely( the(
anticancer(and(antiobesity.(In(this(study,(we(aimed(to(extend(the(potential(use(of(some(
strains(for(the(application(in(skin(care.(According(to(previous(described(bioactivities,(eight(
cyanobacteria(strains(were(selected(from(the(LEGE(Culture(Collection((LEGE(CC),(which(
included(Phormidium)sp.(LEGE05292,(Synechocystis)salina)LEGE06099,(Nodosilinea)
nodulosa)LEGE06102,(Cyanobium)sp.(LEGE06113,(Synechocystis)salina)LEGE06155,(
Oscillatoriales( LEGE07167,( Cyanobium) sp.( LEGE07175( and( Tychonema) sp.(
LEGE07196.(A(70%(ethanolic(extract(was(prepared(and(investigated(for(the(carotenoids(
and( chlorophylls( content,( total( phenolic( content( (TPC),( cell( cytotoxicity( (using( the(
keratinocytes(cell(line(HaCat,(the(fibroblasts(cell(line(3T3L1(and(the(endothelial(cell(line(
hCMEC/D3),( the( antioxidant( activity( and( the( whitening( potential.( Carotenoids( and(
chlorophylls(were(identified(and(quantified(by(HPLC=PDA(method(and(identification(was(
further(confirmed(by(standards(at(450nm.(The(TPC(were(determined(by(a(colorimetric(
assay(based(on(Folin=Ciocalteu(reagent.(The(cellular(viability(was(evaluated(by(the(3=
(4.5=dimethylthiazol=2=yl)=2.5=diphenyltetrazolium( bromide( (MTT)( assay( after( 24( and(
48ho(the(antioxidant(potential(was(screened(by(the(2,2=diphenyl=1=picrylhydrazyl((DPPH•)(
and( the( superoxide( radical( (O2•=)( scavenging( assayso( and( the( effect( on( melanin(
production(was(assessed(by( the( inhibition(of( the(mushroom( tyrosinase(enzyme.(The(
results(obtained(showed(that( the(strain(Synechocystis)salina(LEGE06099(contain( the(
highest(total(carotenoids(content,(especially(zeaxanthin((49.8(µg(g=1)(and(lutein((79.1(µg(
g=1).(The(highest(phenolic(content(was(also(found(in(Synechocystis)salina(LEGE06099(
(2.45(mgGAEg=1).(Concerning(the(cytotoxicity,(the(MTT(results(revealed(no(toxic(effects(
or(a(slightly(decrease(in(cell(viability(effects(with(six(of(the(selected(cyanobacteria(strains.(
From(all(strains,(Synechocystis)salina(LEGE06155(induced(an(increase(in(cell(viability(
in( the( 3T3L1( cell( line.(Oscillatoriales( LEGE07167( was( the( strain( which( a( significant(
reduction( in(viability(occurred(at( the(higher(concentrations,(being(this(reduction(higher(
after( 48h( of( exposure.( Concerning( DPPH•( scavenging( activity,(Synechocystis) salina(
LEGE06099( showed( the( best( results( for( IC50( (863.82( µg( mL=1).( On( the( other( hand,(
Phormidium(sp.(LEGE05292(were(the(most(interesting(scavengers(of(O2•=((IC50(=(822.70(
µg( mL=1).( Moreover,( a( significant( negative( correlation( was( found( between( DPPH•(
!
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antioxidant(activities(and(total(phenols(content((TPC)(in(terms(of(IC50((=0.959)(and(also(
for( total(carotenoids(content.(Regarding(the(tyrosinase(assay,(the(results(revealed(no(
inhibition(of(the(enzyme(by(any(of(the(cyanobacteria(strains(selected.(From(all(the(results(
the( strains(Synechocystis) salina( LEGE06099,(Nodosilinea)nodulosa(LEGE06102(and(
Synechocystis)salina(LEGE06155(evidenced(an(interesting(potential(for(the(isolation(of(
compounds( with( application( in( skin( care( products.( Therefore,( taking( all( the( results(
together,(cyanobacteria(revealed(potential(in(terms(of(application(for(skin(protection(and(
may(be(considered(an(efficient(technology(to(produce(natural(ingredients(with(cosmetic(
application.(
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Resumo*
(
As(cianobactérias((algas(verde=azuis)(são(procariontes(fotossintéticos(conhecidos(por(
sintetizarem(metabolitos(secundários(com(grande(potencial(biotecnológico.(No(grupo(de(
Biotecnologia(e(Ecotoxicologia(Azul( (BBE)(do(Centro( Interdisciplinar( de( Investigação(
marinha(e(Ambiental((CIIMAR),(têm(sido(realizados(estudos(sobre(o(potencial(bioativo(
das( cianobactérias( isoladas( da( costa( portuguesa,( nomeadamente( o( seu( potencial(
anticancerígeno(e(antiobesidade.(Neste(trabalho(tivemos(com(objetivo(alargar(o(estudo(
da(bioactividade(a(outras(áreas,(nomeadamente(ao(seu(potencial(para(aplicação(em(
produtos(de(cuidados(da(pele.(Partindo(de(resultados(de(bioatividade(já(descritos(em(
trabalhos( anteriores,( as( estirpes( de( cianobactérias( Phormidium( sp.( LEGE05292,(
Synechocystis)salina(LEGE06099,(Nodosilinea)nodulosa(LEGE06102,(Cyanobium(sp.(
LEGE06113,( Synechocystis) salina( LEGE06155,( Oscillatoriales( LEGE07167,(
Cyanobium( sp.( LEGE07175( e( Tychonema( sp.( LEGE07196( foram( selecionadas( da(
LEGE( Culture( Collection( (LEGE( CC).( A( partir( de( biomassa( obtida( por( cultura( das(
estirpes(e(posteriormente(liofilizada(foi(preparado(um(extrato(etanólico(a(70%(o(qual(foi(
estudado( quanto( ao( teor( de( carotenóides( e( clorofilas,( teor( de( fenóis( totais( (TPC),(
citotoxicidade(celular((linha(celular(de(queratinócitos(HaCat,(linha(celular(de(fibroblastos(
3T3L1(e( linha(endotelial(hCMEC/D3),(potencial(antioxidante(e(efeito(na(produção(de(
melanina( por( inibição( da( tirosinase.( Em( termos( de( metodologia,( os( carotenóides( e(
clorofilas( foram( identificados( e( quantificados( por( HPLC=PDA( e( a( identificação((
confirmada(por(padrões(a(450(nmo((os(TPC(foram(determinados(por(ensaio(colorimétrico(
baseado(no(reagente(de(Folin=Ciocalteuo(a(viabilidade(celular(foi(avaliada(pelo(ensaio(
do(brometo( de( 3=( (4,5=dimetiltiazol=2=il)( =2,5=difeniltetrazólio( (MTT)( após(24(e( 48ho( o(
potencial(antioxidante(foi(testado(pelo(método(do(2,2=difenil=1=picrilhidrazilil((DPPH•)(e(
pelo( radical( superóxido( (O2•=)( e( o( efeito( na( produção( de(melanina( foi( avaliado( pela(
inibição( da( enzima( tirosinase( de( cogumelo.( Os( resultados(mostraram( que( a( estirpe(
Synechocystis) salina( LEGE06099( contém( o( maior( teor( de( carotenóides( totais,(
especialmente( zeaxantina( (49,8(µg(g=1)( e( luteína( (79,1(µg(g=1).(O(maior( teor( fenólico(
também( foi( encontrado( em(Synechocystis) salina( LEGE06099( (2.45(mgGAEg=1).( Em(
relação(à(citotoxicidade,(os(resultados(do(MTT(revelaram(ausência(de(citotoxicidade(em(
seis( das( estirpes( de( cianobactérias( selecionadas.( A( estirpe( Synechocystis) salina(
LEGE06155( mostrou( induzir( um( aumento( da( viabilidade( celular,( especialmente( na(
linhagem( celular( 3T3L1.( A( estirpe( Oscillatoriales( LEGE07167( foi( a( estirpe( onde( se(
verificou( uma( acentuada( redução( da( viabilidade( celular( especialmente( após( 48h( de(
exposição.( Em( relação( à( atividade( antioxidante,( para( o( ensaio( do( DPPH•,( a( estirpe(
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Synechocystis)salina(LEGE06099(apresentou(os(melhores(resultados(de(IC50((863.82(
µg( mL=1).( Por( outro( lado,( Phormidium( sp.( LEGE05292( apresentou( valores( mais(
interessantes( de( sequestro( de( O2•=( (IC50( =( 822.70( µg( mL=1).( Entre( as( atividades(
antioxidante(do(DPPH•(e(o(teor(de(fenóis(totais((TPC)(em(termos(de(IC50(foi(encontrada(
uma(correlação(negativa(significativa((=0,959)(assim(como(para(o(teor(de(carotenoides(
totais.( Em( relação( ao( ensaio( da( tirosinase,( os( resultados( não( exibiram( inibição( da(
enzima(por(nenhuma(das(estirpes( de( cianobactérias( selecionadas.(Do( conjunto( dos(
resultados(obtidos,(as(estirpes(Synechocystis)salina(LEGE06099,(Nodosilinea)nodulosa(
LEGE06102( e( Synechocystis) salina( LEGE06155( evidenciaram( um( potencial(
interessante(para(o(isolamento(de(compostos(com(aplicação(em(produtos(de(cuidados(
com(a(pele.((Considerando(também(o(conjunto(de(resultados(obtidos(neste(trabalho,(as(
cianobactérias( revelaram(potencial(em( termos(de(aplicação(para(a(proteção(da(pele,(
podendo(ser(consideradas(uma(fonte(alternativa(de(ingredientes(naturais(com(aplicação(
em(cosmética.(
(
Palavras! chaves:( Cianobactérias,( cosmética,( carotenoides,( fenóis,( citotoxicidade,(
potencial(antioxidante,(proteção(da(pele(!
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Chapter!I!
!
1.!Introduction!
!
1.1! General!Introduction!
!
Skin( major( functions( are( to( protect( against( physical( and( chemical( injury,( to( prevent(
desiccation,( to(protect(against(sun(light( (and(to(contribute(to(the(body(homeostasis( in(
variables(such(as(temperature(and(osmolarity([1].( In(addition,( the(skin( is(an(important(
organ(in(social(communication,(self=esteem(and(exteriorization(of(health.(In(fact,(when(
skin(exhibits(a(dry,(scaly(or(rough(appearance(and(it(is(not(attractive(to(touch,(it(may(lead(
to(the(onset(of(anxiety(and(even(depression([2].(Aesthetic(appearance(has(always(been(
a(matter( of( great( importance.(With( the( increase( in( life(expectancy(a(greater( concern(
about(appearance(and(health(emerged.(In(this(sense,(the(use(of(cosmetics(came(with(
the(objective(to(contribute(to(human(physical(and(psychological(well=being,(in(order(to(
improve(the(quality(of(life.((The(importance(of(having(healthy(skin(drives(the(development(
of(topical(products(designed(to(protect(against(exogenous(and(endogenous(agents.(Most(
of( these( products( are( regulated( as( cosmetics( [2,( 3]( and( ( cover( a( variety( of( product(
categories( such( as( skin( creams( with( a( sun( protection( factor,( ( anti=ageing( and(
hypoallergenic( products( [4].( Currently,( besides( the( cosmetic( term,( cosmeceutical(
terminology(has(also(been(introduced,(which(is(referred(to(a(cosmetic(product(with(active(
ingredients( that(exerts(a(pharmaceutical( therapeutic( benefit( [5]( such(as(antioxidants,(
growth(factors,(anti=inflammatory(and(pigment=lightening(agents([6].((
The(cosmetic(and(cosmeceutical(industry(contribute(largely(to(general(economy([7,(8].(
Considering( Europe,( the( cosmetics( and( personal( care( sector( annually( yields( an(
approximate(capital(of(€(29(billion([7](and(each(year,(the(European(market(launches(25%(
of(new(cosmetic(products([4].(Since(cosmetic(products(are(part(of(everyone's(daily(life,(
a(variety(of(choice(options(is(available(and(a(greater(efficacy(is(always(expected(by(the(
consumer( [9].( In( this( sense(cosmetic( companies(need( to( innovate(and(diversify( their(
products(frequently(in(order(to(remain(in(this(highly(competitive(and(demanding(market.((
In(the(last(decades(a(growing(attention(to(safer(and(sustainable(cosmetic(products(and(
ingredients(has(been( raised,( not( only( due( to(human(well=being( concerns(but( also( to(
environmental( issues.( Recently,( the( occurrence( of( “emerging( contaminants”( in( the(
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aquatic(environment,(such(as(pharmaceuticals(and(personal(care(products((PPCPs)(has(
become( a( worldwide(matter( [10].( Studies( have( clearly( shown( that( the( elimination( of(
PPCPs(in(municipal(Sewage(Treatment(Plants((STP)(is(often(incomplete([10](and(several(
negative( impacts( were( described( to( ecosystems( and( organisms( [11=13].( Due( to( the(
negative(repercussions(of(the(use(of(synthetic(compounds,(cosmetic(researchers(have(
increasingly( investigated(natural( compounds( that( offer(safer(alternatives,( both( for( the(
environment(and(humans.(Although(cosmetics(based(on(natural(sources(have(always(
been( used,( in( particular( those( based( on( plants( [14],( macro( algae( and( eukaryotic(
microalgae( [15],( the( use( of( natural( extracts( in( cosmetics( has( been( highlighted.(
Researchers( continue( to( corroborate( that( cosmetic( formulations( based( on( natural(
compounds(play(relevant(and(effective(roles(for(the(benefit(of(the(skin([16],(induce(less(
side(effects(than(synthetic(compounds([2,(17,(18](and(are(ecologically(friendly(products(
[19].(In(addition,(information(for(citizens(on(the(side(effects(of(chemicals(and(their(health(
status(have(allowed(the(bioactive(compounds(extracted(from(natural(products(to(become(
more(remarkable(and(associated(with(the(feeling(of(greater(care(with(their(body([20].((
Alongside(with(plants(and(algae,( in(the( last(years,(cyanobacteria(have(also(come(into(
focus(as(a(natural( source(of( compounds( for( the(cosmetic( industry.(These(organisms(
were( found( to( produce( a( variety( of( metabolites( with( potential( application( as(
pharmaceuticals,(nutraceuticals,(cosmetics,((food(conservators(and(biosensor([21],(have(
the(capacity(to(self=renew,(which(guarantee(sustainable(supplies([22],(cultivation(does(
not(depend(on(arable( land(and(may(cause(no(environmental( impact( [23,(24].( In( fact,(
concerns( with( environmental( sustainability( have( shown( that( cyanobacteria( are(
multifunctional(bio=agents(for(safe(and(eco=sustainable(activities(such(as(in(agriculture(
[25],(in(the(production(of(biofuels([26=28](and(in(the(production(of(bioactive(compounds(
with(application( in(human(health( [29=33].(Some(compounds(present( in( cyanobacteria(
have(revealed,(photo=protective,(moisturizing,(antioxidant(and(regenerative(properties,(
being(thus(interesting( in(the(protection(and(homeostasis(of( the( integumentary(system(
and( its(derivatives.(Also,( aligned(with( these( functions,( some(compounds(exhibit( anti=
inflammatory(and(antiviral(properties.(
(
(
1.2! Cyanobacteria!in!cosmetics/cosmeceuticals!
(
Cyanobacteria,( formerly( known( as( blue=green( algae,( are( the( most( primitive( Gram=
negative( photosynthetic( prokaryotes( on( earth.( This( group( of( organisms( appeared(
probably(during(the(pre=Cambrian(era(and(were(responsible(for(the(oxygen(environment(
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that( favored( the( evolution( of( the( existing( forms( of( life( [34].( Throughout( their( long(
evolutionary(history,(cyanobacteria(have(diversified(into(a(variety(of(species(occupying(
different( habitats( [35].( In( fact,( cyanobacteria( are( ubiquitous( in( terrestrial( and( aquatic(
habitats( even( in( extreme( environments( such( as( Antarctic( dry( valleys,( Arctic( and(
thermophilic(lakes([36,(37](and(lava(Caves([38].(Besides,(in(the(course(of(their(evolution,(
cyanobacteria( have( strengthened( unique( interactions( with( other( organisms.( These(
coexistences(are(based(on(a(variety(of(singular(and(complex(genetic(pathways(inducing(
the(synthesis(of(secondary(metabolites([39].(Although(invertebrates(shelter(an(infinity(of(
secondary(metabolites(with(potent(biological(properties,(the(microbiota(associated,(such(
as(cyanobacteria(and(fungi,(seems(to(be(the(true(source(of((the(compounds([40].(This(is(
particularly( interesting(on(the(case(of(sea(organisms(where(the(potential(of( the(sea(to(
provide(beneficial(secondary(metabolites(relies(on(its(incredible(microbiota([41].((
In( recent( years,( cyanobacteria( have( been( considered( an( alternative( approach( in(
obtaining(natural( compounds(with(applications( in( the( cosmetics( industry( [22,( 42].( By(
presenting( a( complex( photosynthetic( system( [43],( cyanobacteria( are( capable( of(
producing(various(metabolites(such(as(alkaloids,(carbohydrates,( flavonoids,(pigments(
(such( as(!=carotene,( c=phycoerythrin,( phycobiliproteins),( phenols,( saponins,( steroids,(
tannins,( terpenes( and( vitamins( [44],( which( are( involved( in( their( environmental(
adaptations(and(defense(systems([45].(Compared(with(other(photosynthetic(organisms(
such( as( plants,( cyanobacteria( have( higher( growth( and( photosynthesis( rates,( basic(
nutritional( requirements(and( the(possibility( of( continuous( cultivation.(Many(species(of(
cyanobacteria(live(in(extreme(environments,(including(high(exposure(to(solar(radiation(
and( long( periods( of( desiccation.( In( order( to( survive( in( such( extreme( conditions,(
cyanobacteria(produce(compounds(that(allow(protection(against(ultraviolet(radiation((UV)(
and(compounds(capable(of(reducing(extreme(dehydration(and(oxidative(stress([46,(47].((
Among(cyanobacteria(genera,(Spirulina)(now(classified(as)Arthrospira)(has(been(one(of(
the( most( explored( for( cosmetics.( This( genus( has( been( widely( used( in( feed( and(
agriculture(as(supplements,(owing(to(its(high(content(of(proteins,(vitamins,(minerals(and(
essential(fatty(acids([48].(In(cosmetics(some(active(compounds(are(already(on(the(market(
with( the( purpose( of( providing( skin( protection.( Spiralin"( (Patents( nº( EP( 2( 563( 478(
B1(+(US(2014/0127336(A1),(an(active(extract(from(Spirulina)platensis,(has(been(used(
as)natural(antibacterial,(antiviral(and(cell=regenerative(properties(in(final(products(such(
as(Spirularin"(HS((care( for( lips( to(herpes(simplex( infections),(Spirularin"(Nail(serum(
(care(for(nail(against(fungi(and(bacteria)(and(Skinicer"(Repair(cream((with(antibacterial(
and(cell=regenerative(properties(as(well(as(the(stimulation(of(the(collagen(generation).(
This(Spirulina)extract(has(thus(shown(protection(against(UV(radiation,(regeneration(of(
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damaged(skin(cells(and(generation(of(collagen(by(human(skin(cells(by(up(to(36%,(and(
antimicrobial( protective( effect( against( viruses( (https://www.ocean=
pharma.de/product/en=spirularin),( (https://www.ocean=pharma.de/product/en=skinicer=
repair=cream).(Another(example(of(cyanobacteria( in(skin(protection( is(the(Biotherm(T=
Pur(blue(face(clay"(with(extract(from(Aphanizomenon)flos<aquae,(which(promotes(skin(
regeneration(and(reduces(roughness((https://www.biotherm.com.my/men/product/t=pur=
blue=face=clay).(Also(from(Aphanizomenon)flos<aquae,)the(natural(colorant(effect(of(the(
phycobiliprotein(C=Phycocyanin((C=PC)(in(NaturCyanin(Bioactive"((CAS(nº(11016=15=2)(
has(been(used(for(replacing(current(synthetic(pigments(due(to(its(attractive(pink=purple(
color( in( final( products( such( as( lipstick,( eye( shadow( or( nail( polish( (http://www.in=
cosmetics.com).(
(
1.2.1!UV!Protection!
!
In(cyanobacteria,(the(exposure(to(high(levels(of(radiation(throughout(evolution(and(the(
colonization(of( environments(with( strong( solar( radiation( resulted( in( the(production( of(
compounds( with( photo( protective( effect( [49].( In( fact,( one( of( the( most( interesting(
properties( of( cyanobacteria( is( the( ability( to( overcome( the( damaging( effects( of( UV(
radiation( through( prevention,( protection( and( repair( mechanisms.! UV=
absorbing/screening( compounds( such( as( mycosporine=like( amino( acids( (MAAs)( and(
scytonemin((SCY)(are(well(known([50](and(may(constitute(good(natural(candidates(as(
alternatives(to(synthetic(UV(filters.(Protective(properties(against(UV(radiation(are(known(
for(these(compounds([51].((
Sun(exposure(is(one(of(the(environmental(factors(that(causes(skin(aging(at(the(epidermal(
and( dermal( level,( through( damages( in( both( keratinocytes( and( melanocytes,( and( in(
fibroblasts([52].(Skin(pigmentation(is(one(of(the(endogenous(mechanisms(of(protection(
against(the(damages(caused(by(high(exposure(to(sunlight([53].(Melanocytes(in(epidermis(
are( responsible( for( the( cutaneous( synthesis(and( distribution( of(melanin( in(a(process(
called(melanogenesis( [54].( The(most( important( function( of( melanin( is( to( protect( the(
organism(against(the(damaging(effects(of(ultraviolet(radiation,(absorbing(broadband(UV(
and( removing( reactive(oxygen(species( (ROS)( [53],(which( is(one(of( the(major(cellular(
consequences(of(UV=induced(cellular( damage( [55].(Melanin( is( produced( through( the(
oxidation( of( tyrosine( to( 3,4=dihydroxyphenylalanine( (DOPA)( by( tyrosinase( and( the(
subsequent(transformation(of(DOPA(into(melanin([56].(However,(extrinsic(factors,(such(
as(UV(radiation,(may(change(the(constitutive(pigmentation(of(the(skin(and(be(the(main(
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cause(of(benign(and(malignant(skin(tumors(such(as(basal(cell(carcinoma,(squamous(cell(
carcinoma( and(malignant(melanoma( [49,( 53].( Concerned( about( having( healthy( skin,(
consumers(demand(for(the(presence(of(sunscreens(with(high(factor(of(sun(protection(not(
only(in(sunscreen(lotions(but(also(in(cosmetic(products(such(as(facial(makeup,(lipsticks(
and(moisturizers([51].(Thus,(tons(of(UV(filters(are(produced(globally(each(year(to(supply(
this(need([57].(
The(market(offers(sunscreen(that(contain(inorganic(and(organic(UV(filters.(Inorganic(UV(
filters(are(physical(blockers(that(exhibit(mineral(particles((metal(oxides)(such(as(titanium(
dioxide( (TiO2)(and(zinc(oxide( (ZnO)( [58].(Although( these( inorganic(UV( filters(absorb(
considerable(UV( radiation,( they( ( are( known( to(generate(highly(oxidizing( radicals(and(
other(ROS(such(as(H2O2,(which(makes( these(mineral( particles(potentially( hazardous(
[58].(Even(when(these(mineral(particles(are(used(as(nanoparticles,( it(has(been(found(
that(it(induces(toxicity(in(human(dermal(fibroblasts(in(culture,(since(they(can(pass(through(
cell(membrane([59].(In(alterative(to(inorganic(filters,(organic(ones(have(been(extensively(
used,(being(butyl(methoxydibenzoylmethane( (BM=DBM),(ethylhexylmethoxycinnamate(
(EHMC),(octocrylene((OCR)(and(benzophenone=4((BP=4)(the(most(used(in(PPCPs(and(
sunscreens([22,(60].(However,(several(evidences(report(side(effects(of(these(compounds(
such(as(endocrine(disruptor(effects([61=64](and(contact(dermatitis(in(children([65].(Gago=
Ferrero(et(al.,(2013([66],(demonstrated(for(the(first( time(that(OCR(accumulates( in(the(
liver(of(dolphins(at(high(concentration(levels(and(provided(evidence(that(maternal(transfer(
can(occur( through( the(placenta(and(by(breast(milk.( In(another(study( [67],( researches(
detected(4=methylbenzylidene(camphor((4=MBC)(and(OCR(from(cosmetics(in(85.2%(of(
breast(milk(samples.(UV(filters(such(as(BM=DBM,(EHMC(or(OCR,(in(addition(to(causing(
contact(dermatitis,(are(able( to( react(with( free(peptides(or(amino(acids( in(human(skin.(
These(findings(support(a(direct(correlation(between(the(formation(of(protein(adducts(and(
contact( dermatitis( [68].( UV( filter( residues( have( been( detected( in( sewage( treatment(
plants,(surface(waters,(sewage(sludge(and(river(sediments([69,(70](and(several(studies(
have(reported(toxicity(to(different(organisms([13].(Therefore,(despite(its(effectiveness(in(
protecting(human(skin(against(ultraviolet(radiation,(sunscreens(and(cosmetics(containing(
synthetic(UV(filters(can(cause(adverse(effects(to(humans(and(ecosystems,(being(recently(
called(contaminants(of(emerging(concern.((
Mycosporine=like(amino(acids( =(MAAs(are(a( family(of( natural( secondary(metabolites,(
colorless,(water=soluble(that(directly(or(indirectly(absorb(solar(radiation(and(dissipate(the(
absorbed(UV(energy( in( the(form(of(heat(without(producing(ROS( [71=73].(MAAs(were(
found(to(be(produced(by(several(groups(of(organisms(such(as(heterotrophic(bacteria,(
lichens,(fungi,(micro/macro(algae(and(cyanobacteria([74].(Concerning(cyanobacteria,(the(
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ability(of(MAAs(to(tolerate(photo(degradation(was(demonstrated([75].(Sinha(et(al.,(2003(
[76]( identified(three(species(of(Nodularia((Nodularia)spumigena,)Nodularia)baltica(and(
Nodularia)harveyana),( that(produce( two( types(of(MAAs,(Shinorine(and(Porphyra=334.(
Matsui(et(al.,(2011([77](characterized(two(new(types(of(glycosylated(MAAs(from(Nostoc)
commune) (an(MAA( identified(as(a(Pentose=bound(Porphyra=334(derivative(and(other(
identified(with(double(absorption(maxima(at(312(and(340(nm)(and(demonstrated(a(potent(
radical=scavenging(activity( in(vitro.(After(that,(several(MAAs(glycosylated(from(Nostoc)
commune(have(been( identified( [78,(79].( In(addition,(some(other(common(MAAs(have(
already( been( found( in( various( species( of( cyanobacteria( such( as( Mycosporine=tau,(
Mycosporine=glycine,( Asterina=330,( Palythinol,( Mycosporine=2=glycine,( Palythene( and(
Euhalothece=362,( which( appear( to( play( a( significant( role( in( the( protection( of(
cyanobacteria(against(UV(radiation([80,(81].(
Considering( the( potential( effect( of( MAAs( on( the( skin,( Daniel( et( al.,( 2004( [51]((
demonstrated( in(a(study(with(20(women( in(the(middle=age( that(a(cream(with(0,005%(
MAAs( extracted( from( red( algae( can( neutralize( UV=A( effects( and( improve( the( skin(
smoothness( after( four( weeks,( efficiently( as( a( cream( with( 1%( synthetic( UV=A( filters.(
Furthermore,(the(MAAs,(Shinorine(and(Porfira=334(isolated(from(red(algae,(have(already(
been(marketed(for(production(of(sunscreens(to(protect(against(UV=A(radiation([80,(81].(
These(two(compounds,(in(addition(with(13=!=Gal=P334,(isolated(from(the(cyanobacteria(
Nostoc)sphaericum(were(reported(to(induce(a(protective(activity(against(UV(radiation(in(
HaCaT(human(keratinocytes(cell( line.(The( results( revealed(a(greater(UV=A(protective(
activity(compared(to(other(MAAs(such(as(Mycosporine=glycine([82].(In(this(study,(13=!=
Gal=P334(and(Porphyra=334(exhibited(an(efficient(UV=A(protective(activity(with(EC50((Half(
maximal(effective(concentration)(of(27µM(and(39µM,(respectively,(while(Mycosporine=
glycine(showed(moderate(activity(with(EC50(of(294µM.((
In(contrast( to(MAAs,(SCY(is(predominantly(produced(by(cyanobacteria([83].(SCY(is(a(
dimeric(UV=A(photo(protective(compound(composed(of( indolic(and(phenolic(subunits,(
soluble( in( lipids( [84,( 85].( This( yellow=brown( pigment( predominates( in( the(
exopolysaccharide(sheath(of(the(cyanobacteria([86],(is(synthesized(in(response(to(UV=A(
radiation([87](and(reduces(the(penetration(of(UV=A(by(90%(in(the(cells([88].(SCY(has(a(
maximum( in)vivo(absorption(of(370nm(while(purified(has(an(adsorption(of(386nm([50,(
89].(According(to(Proteau(et(al.,(1993([84],(the(biosynthesis(of(SCY(is(probably(related(
to( tyrosine( and( tryptophan( derivatives.( A( reduction( in( the( ability( of( UV( radiation( to(
penetrate(cells(has(been(reported([42].(SCY(exists(in(both(oxidized(and(reduced(forms(
[83,( 90]( and( four( different( derivatives( of( SCY( ( have( also( been( reported,(
dimethoxyscytonemin,(tetramethoxyscytonemin,(scytonin([85](and(scytonemin=3a=imine(
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[91].((In(2012,(Matsui(et(al.([92](studied(and(characterized(SCY(from(Nostoc)commune(
colonies(and(reported(their(radical=scavenging(activity(in)vitro.(In(another(study,(a(Nostoc)
flagelliforme)marine(strain,(showed(that( its(effectiveness(against(UV=A(and(UV=B(was(
most(likely(due(to(the(presence(of(MAAs(and(SCY([93].((These(findings(show(that(their(
use(as(sunscreen(in(cosmeceutical(should(not(be(undervalued.(
Both(MAAs(and(SCY( biosynthesis( in( cyanobacteria(were( found( to(be(dependent( on(
environmental(conditions(namely(UV(radiation,(temperature(and(salinity.(Rastogi(et(al.,(
2014( [83]( evaluated( the( stability( and(photo(protective(ability( of(MAAs(and(SCY( from(
Lyngbya)sp.)CU2555.(After(continuous(exposure(of(cyanobacteria(cultures(for(72h( to(
artificial(photosynthetically(active(radiation((PAR),(UV=A(and(UV=B(with(395nm,(320nm(
and(295nm(wave(length(respectively,(it(was(shown(that(MAAs(and(SCY(were(significantly(
induced( by( UV=A( and( UV=B( radiation( with( a( dose=dependent( induction( of( synthesis,(
suggesting( that( cyanobacterium( exhibit( an( efficient( photo( protective( system( against(
harmful(UV(radiation.(Also,(in(a(study(with(the(filamentous(strain(Scytonema)sp.(R77DM(
under(stress(of(UVR(alone(or(in(a(combination(with(different(temperatures,(a(2=(to(3=fold(
increase(in(SCY(biosynthesis(radiation(was(demonstrated([94].(It(has(also(been(reported(
that(halotolerant(cyanobacteria(are(those(that(accumulate(high(concentrations(of(MAAs(
[95].( Given( the( potential( of( MAAs( and( SCY( in( photo=protection,( these( highly( stable(
pigments( offer( opportunities( for( the( use( in( sunscreens.( In( addition,( the( possibility( to(
increase( its( production( by( combining( cyanobacteria( culture( conditions( is( a( favorable(
parameter(since(their(production(can(be(potentiated.((
(
1.2.2!Moisturizing!
!
Moisturizers(are(widely(used(products( in(many(dermatologic(and(cosmetic( therapies.(
Daily(moisturizing(routines(are(commonly(used(by(all(social(classes(and(demonstrate(the(
great(concern(for(having(healthy(skin([2].((
Moisturizers( contain(a( range(of( combinations(of(chemical( agents( such(as(emollients,(
occlusives( and( humectants( specially( designed( to( make( the( external( layers( of( skin(
hydrated( and(more( flexible,( attracting( water( and( reducing( water( evaporation( [3,( 96].(
These(cosmetic(products(are(therefore(formulated(to(prevent(transepidermal(water(loss(
(TEWL)(and(retain(or( increase(the(content(of(water( in(the(epidermis(stratum(corneum(
(SC)([22].(However,(uncomfortable(skin(reactions(from(topical(preparations(may(occur(
such(as(sensory(reactions(or(subjective(sensations(with(no(signs(of(inflammation,(right(
after( application( [96]( and( some( subclinical( injuries( [18].( Furthermore,( one( of( the(
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disadvantages(of(humectants(is(that(some(of(them(may(increase(TEWL(by(enhancing(
water(absorption(from(the(dermis( into(the(epidermis(where(it(can(then(be(lost( into(the(
environment.(Hence,(humectants(are(almost(always(combined(with(an(occlusive(agent(
in( order( to( enhance( epidermal( hydration(and( barrier( function( [3].( Although( occlusive(
agents(reduce(TEWL(by(creating(this(hydrophobic(barrier(over(the(skin,(most(occlusive(
agents(used(in(cosmetics(have(limitations(in(terms(of(odors,(allergic(reactions(and(oily(
texture([3].(
The(potential(use(of(cyanobacteria(as(moisturizing(agents(in(cosmetics(comes(from(the(
fact( that( these( organisms( have( protection( mechanisms( against( dehydration,( namely(
through( the(production(and(excretion(of(exopolysaccharides( (EPS)( [47].(According( to(
Chen(et(al.,([97](the(acquisition(of(salt(tolerance(in(some(cyanobacteria(living(in(extreme(
environments( stimulates( numerous( structural( and( metabolic( changes,( such( as( an(
intense(production(of(EPS(and(sucrose,(which( increase( the( thick(EPS(mucous( layer(
surrounding( the( cells( and( may( act( as( a( buffer( for( the( accumulation( of( water,( thus(
protecting( membranes( from( desiccation.( In( cyanobacteria,( the( EPS( can( appear(
covalently( linked(or( lightly(attached(to( the(cell(surface( forming(sheaths,(capsules(and(
mucilages(around(cells,(or(be(released(into(the(surrounding(environment([98].(In(1998,(
De( Philippis( &( Vicenzini( [99]( suggested( that( the( extrusion( of( EPS( can( serve( as( a(
boundary(between(cells(and(the(surrounding(environment,(thus(fulfilling(a(protective(role(
against( desiccation.( According( to( Tamaru( et( al.( [47],( EPS( in(N.) commune) colonies(
account( for( more( than( 60%(of( the( dry( weight( and( are( composed( of( various( sugars,(
including( glucose,( galactose,( and( xylose,( and( uronic( acid.( In( their( study,( they(
demonstrated(for(the(first(time(the(physiological(role(of(EPS(in(stress(tolerance(during(
desiccation(and(subsequent(rehydration(in(Nostoc)commune)directly.(The(authors(found(
that(EPS=depleted(cells(and(the(laboratory(culture(of(N.)commune(strain(KU002,(which(
also(contained(a(smaller(amount(of(EPS,(were(both(sensitive(to(desiccation,(suggesting(
that(the(amount(of(EPS(is(associated(with(the(desiccation(tolerance(in(N.)commune.(In(
addition,(it(has(also(been(shown(that(a(large(amount(of(uronic(acid(was(detected(in(EPS(
of( Nostoc( in( their( study.( The( uronic( acid( is( a( hydrophilic( substance( and( therefore(
contributes( to( the( highly( absorbent(water( character( of( the(EPS(of( the( colonies(of(N.)
commune.(Thus,(EPS,(owing(to(their(hydrophilic/hydrophobic(characteristics,(may(help(
keep(vital(water(for(survival(during(periods(of(desiccation([47].((
The(EPS(are(composed(of(molecules(with(water(absorption(and(retention(capacity([99](
and(have(therefore(been(studied(for(their(potential(for(absorption(and(retention(of(water,(
compared(to(ingredients(used(in(cosmetics(for(this(purpose.(By(using(cyanobacteria,(Li(
et(al.( [100](demonstrated(a(higher(water(absorption( capacity(by(EPS(of(a( species(of(
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Nostoc)commune((10.1%)(compared(to(urea((5.8%).(In(the(same(study,(a(higher(water(
retention(capacity(was(also(achieved(with(EPS((28%),(when(compared(to(urea((15.9%)(
and(chitosan((7.3%),(suggesting(that(the(cyanobacterial(EPS(has(a(great(potential(to(be(
used(as(a(natural(humectant(in(cosmeceutical(industry(with(the(benefit(of(not(having(to(
be( combined( with( an( occlusive( agent.( Okajima( et( al,( 2008( [101],( extracted( the(
megamolecular(polysaccharide(sacran) from(the(cyanobacterium(Aphanothece)sacrum(
jellylike(extracellular(matrix(and(found(to(be(composed(of(more(than(nine(sugar(residues(
such(as(uronic(acid,(muramic(acid,(and(mannose(with(vicinal(hydroxyl(groups([102].(In(a(
comparison( of( moisture( retention( between( sacran( and( hyaluronic( acid,( which( is( an(
important(functional(ingredient(used(in(modern(cosmetic(products(of(high(cost(and(limited(
production([103],(sacran)showed(a(higher(viscosity([101].(In(addition,(it(was(confirmed(
that( sacran( is( an( extremely( high( molecular( weight( polysaccharide( (Mw:( 1.6( ×( 107)(
composed(of(a(high(content(of(anionic(sugars(with(a(low(content(of(cationic(sugars(and(
also(reported(an(efficiently(water(absorption(by(this(polysaccharide.)This(paper(was(also(
the( first( report( that(showed( the( function(of( the(cyanobacterial(sugar(chair,(suggesting(
that(sacran)physical(gels(can(be(expected(to(have(other(various(applications(such(as(
high(moisturizing(agents.(
Also(considering(EPS,(the(production(rates(in(cyanobacterial(species(can(be(affected(by(
environmental(factors(such(as(salt(stress,(irradiance,(light(cycle,(temperature(and(culture(
age( [98]( [104].( Over( again( this( is( a( favorable( point( to( the( use( of( cyanobacteria( in(
cosmeceutical( once( it( is( possible( to( potentiate( the( production( of( this( compounds( by(
manipulation(of(culture(conditions.((
(
1.2.3!Antioxidants!
(
Through(routine(metabolic(processes,(such(as(cellular(respiration,(or(as(a(mechanism(of(
defense(against(abiotic(factors,(such(as(UV(radiation(and(pathogens,(cells(can(respond(
by( producing( ROS( and( nitrogen( (RNS).( Exposure( to( UV( radiation( for( example,(
contributes(up(to(80%(in(skin(aging([52].( It( is(known(that(antioxidants(protect( the(skin(
against( ROS( [55].( Although( most( ROS( generated( under( normal( conditions( can( be(
detoxified(by(endogenous(antioxidant(systems,( their(excessive(production(can( trigger(
oxidative( stress,( a( biological( condition( occurring( from( the( imbalance( between( the(
production( of( reactive( species( and( their( detoxification( through( biological( systems,(
involved(in(aging(and(a(range(of(diseases([100].(Furthermore,(when(skin(is(overexposed(
to(UV(radiation,(excessive(ROS(production(can(occur(and(lead(to(DNA(((deoxyribonucleic(
acid)( damage,( senescence( and( induction( of( matrix( metalloproteinase( 1( (MMP1( =(
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enzymes( that(play(a( role( in(the(degradation(of(collagen)(production( in(human(dermal(
fibroblasts( [52,(105],(causing(extracellular(matrix( (ECM)(destruction(and(generating(a(
response(of(the(wound(with(subsequent(imperfect(repair(manifesting(itself(as(a(visible(
wrinkle([16,(52,(106].((
In( cyanobacteria,( both( the( EPS( and( the( UV( absorption( compounds(MAAs( and(SCY(
mentioned( above( were( found( to( have( antioxidant( potential,( which( highlight( their(
cosmetics(interest.(In(fact,(aligned(to(its(function(in(skin(hydration,(another(feature(that(
makes(EPS(possible(and(useful(in(cosmetic(application(is(its(antioxidant(potential.(Li(et(
al.,( 2010( [100]( have( demonstrated( the( in( vitro( antioxidant( activity( of( Nostoc(
polysaccharide( in( a( dose=dependent( manner.( This( study( reported( the( highest(
scavenging(rates(against(superoxide(anion(radical(and(hydroxyl(radical(as(65%(and(51%,(
respectively.( In(addition,(using( the(animal(model(Caenorhabditis)elegans,( the(authors(
revealed(that(a(Nostoc(polysaccharide(was(capable(to(increase(the(activity(of(antioxidant(
enzymes,( including( superoxide( dismutase( (SOD),( catalase( (CAT)( and( glutathione(
peroxidase((GPX).(The(activity(of(antioxidant(enzymes(was(significantly(increased(when(
the(worms(were(treated(with(Nostoc(polysaccharide(for(two(days(at(concentration(>(50µg(
mL=1.(Moreover,(the(level(of(lipid(peroxidation(product(MDA(was(decreased(about(13,5%(
when(the(worms(were(treated(with(105µg(mL=1(of(Nostoc(polysaccharide.(These(data(
indicated(that(the(antioxidant(efficacy(of(the(Nostoc(polysaccharide(was(comparable(with(
a(known(polyphenol(with(antioxidant(activity(used(in(cosmetics(–(resveratrol,(which( is(
able( to( suppress( in) vitro( as( well( as( in) vivo( peroxidation( of( lipids( and( other(
macromolecules( [107].( In( the(same(study( [100],( the(mean(survival( time(of( the(worms(
exposed(to(0.1mol(L=1(of(paraquat(was(increased(3.4%,(9.0%(and(14.5%(when(treated(
with( 26,( 53( and( 105µg( mL=1( of( Nostoc( polysaccharide( respectively,( suggesting( the(
reduction( of( paraquat=induced( oxidative( stress( and( toxicity.( Therefore,( EPS( of(
cyanobacteria(have(been(described(as(being(able(to(scavenge(superoxide(anions(and(
hydroxyl( radicals,( increase( the( activity( of( enzymes( involved( in( the( mechanism( of(
oxidative( stress( reduction( and( reduce( lipid( peroxidation.( Thus,( these( findings( have(
demonstrated(that(the(Nostoc(polysaccharide(has(both( in)vitro(and( in)vivo(antioxidant(
activities(through(direct(scavenging(of(free(radicals.((
Concerning(MAAs(and(SCY,( in(addition( to( their(photo(protection( function,(MAAs(and(
SCY( have( been( singled( out( as( promising( antioxidants.( Several( studies( point( to( the(
performance(of(MAAs(and(SCY(in(the(scavenging(of(free(radicals([42,(77=79,(90,(108,(
109].(Rastogi(et(al.,(2014([83](observed(that(the(MAAs(from(Lyngbya)sp.CU2555(acted(
as(dose=dependent(antioxidants(in)vivo((14.5%,(53.0%(and(68.9%(at(concentrations(of(
0.115(mg(mL=1,(0.230(mg(mL=1(and(0.460(mg(mL=1,(respectively)(and(similar(to(MAAs,(the(
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SCY(pigment(also(exhibited(antioxidant(activity((12%,(33(%(and(57%(in(concentrations(
of(0.5mg(mL=1,(1.0mg(mL=1(and(2.0mg(mL=1,(respectively),(indicating(the(potential(of(these(
compounds(to(be(explored(by(the(cosmeceutical(industries.(
Rastogi( et( al.,( 2014( [94]( have( reported( a( great( efficacy( of( the( SCY( pigment( from(
Scytonema) sp.( R77DM( in( reducing( the( production( of( intracellular( ROS( and( thymine(
dimers((CPD)(lesions(induced(by(UVR(in)vivo.(In(this(study,(significant(inhibitory(effects(
on(ROS(production(were(observed(in(cyanobacterial(cells(treated(with(SCY((20.83%),(
ascorbic(acid((45.75%)(and(in(a(sample(with(SCY(and(ascorbic(acid(combined((58.65%)(
after(exposure(to(UV=A(+(UV=B(+(PAR.(In(addition,(at(similar(conditions,(the(percentage(
of(CPD(inhibition((16.3%,(30.7%(and(41.91%,(respectively)(was(directly(proportional(to(
the(decrease(of(ROS.(In(another(study(conducted(by(Rastogi(et(al.,(2013([109],(it(was(
demonstrated(that(SCY(had(significantly(reduced(the(formation(of(ROS(and(CPD,(as(well(
as(the(harmful(effects(of(UV(radiation(in(cyanobacteria(Rivularia)sp.(HKAR=4,(supporting(
the( use( of( SCY( as( an( active( antioxidant( and( photo( protective( ingredient( in(
cosmeceuticals.(Ishihara(et(al.,(2017([82](discovered(that(the(MAA(!=Gal=P334(from(the(
edible(cyanobacterium(Nostoc) sphaericum( had(an(antioxidant(activity( (IC50(of( 17mM)(
comparable( to( the(other( known(glycosylated(MAAs( (Hexose=bound=P334(with( IC50(of(
58mM(and(7=O=(β=arabinopyranosyl)=P334(with(IC50(of(9.5mM)(from(N.)commune)[77=
79].(
Besides( the( compounds( reported( above,( polyphenols( are( well( recognized( for( their(
antioxidant(potential.(In(addition(to(displaying(antioxidant(activity(in(the(biological(system,(
this(group(of(secondary(metabolites(participate(in(defense(mechanisms(against(abiotic(
stress([45].(Ijaz(et(al.,(2016![110](studied(eight(cyanobacteria(and(detected(15(phenolic(
compounds( in( their(biomass(with(potent(antioxidant(activities.(Babaoglu(Aydas(et(al.,(
2013([111],(suggested(that(two(isolates(from(Synechocystis)sp.(are(an(important(source(
of(phenolic(compounds(and(present(a(strong(antioxidant(activity.(Babic(et(al.,(2015([112],(
certified(that(terrestrial(cyanobacteria(isolated(from(terrestrial(forest(ecosystem(are(a(rich(
source(of(compounds(that(promote(antioxidant(activities.(It(was(reported(that(extracts(of(
Calothrix(exhibited(strong(inhibition(against(DPPH•(radicals((IC50(of(30.72(μg(mL=1)(and(
Phormidium(were(the(richest(strain( in(phenolic(compounds((content(of(12(compounds(
such(as(quinic(acid(502(μg(g−1,(gallic(acid(84.9(μg(g−1(and(vanillic(acid(50(μg(g−1).(((
Carotenoids(are(a(group(of(natural(pigments(with(great(nutritional(importance(due(to(their(
wide( range( of( medicinal( properties( [113].( These( compounds( are( formed( by( the(
polymerization(of(isoprene(units,(to(form(regular(and(highly(conjugated(C40(structures(
(tetraterpenes)( via( the( mevalonate( (MVA)( and( 1=deoxyxylulose( 5=phosphate/2=C=
methylerithrytol( 4=phosphate( (DOXP/MEP)( pathways( [114,( 115].( Chemically,(
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carotenoids(are(classified(into(two(main(groups,(carotenes((!=carotene(and(lycopene(=(
nonpolar(hydrocarbons)((Figure!1)(and(xanthophylls((oxygenated(compounds).(Some(
examples(of(xanthophylls(are,( lutein(and(zeaxanthin((=OH(groups),(canthaxanthin(and(
echinenone((=O(groups),(and(astaxanthin((=OH(and(=O(groups(in(their(structure)((Figure!
2).(
(
Figure!1.(Chemical(structures(of(the(carotenoids(β=carotene(and(lycopene.(
(
Figure!2:(Chemical(structures(of(some(xanthophylls.(
(
Previous(studies(have(reported(that(carotenoids(exhibit(anti=cancer([116],(anti=diabetic(
[117],( anti=inflammatory( [118]( and( anti=obesity( activities( [119],( however( the( ability( of(
these(compounds(to(prevent(oxidative(damage(is(by(far(the(most(documented([120=122].(
Raposo(at(al.,(2015([120],(have(reported(that(carotenoids(from(marine(microalgae(may(
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be(used(as(therapeutics(to(treat(or(prevent(several(diseases(related(to(oxidative(stress.(
In( this(way,( the(use(of(carotenoids(can(be(of(great(value( to( the(cosmetic( industry.( In(
cyanobacteria,(it(appears(that(carotenoids(content(in(cytoplasmic(membranes(play(a(role(
in( protecting( cells( from( exposure( to( high( sunlight( [123].( Miranda( et( al,( 1998( [124],(
evaluated( the( antioxidant( capacity( of( methanolic( extract( from(Spirulina) maxima( and(
showed(that(Spirulina(may(provide(antioxidant(protection(in)vitro(and(in)vivo.(Kusama(et(
al.,(2015( [125],(suggested( that(zeaxanthin(and(echinenone(are( important(carotenoids(
that(act(on(the(photoprotection(mechanism(of(Synechocystis)sp.(by(decreasing(the(levels(
of(singlet(oxygen(and(thus(avoiding(protein(damage.(
In(addition(to(the(studies(mentioned(above,(several(others(point(to(a(wide(range(of(genera(
of(cyanobacteria,(covering(virtually(all(groups(within(the(phylum,(from(which(antioxidant(
properties(have(been(described([92,(111,(126=128].(As(so,(in(addition(to(carotenoids,(this(
antioxidant( potential( seems( to( be( also( related( to( the( presence( of( pigments( such( as(
phycobiliproteins((PBPs),(which(are(involved(in(the(uptake(of(light(and(are(also(referred(
to( as( photo( protectors( [129].( The( main( PBPs( present( in( the( cyanobacteria( are(
phycocyanin( (PC=blue)( and( phycoerythrin( (PE=red).( Both( PC( and( PE( have( been(
described(as(having(antioxidant(and(anti=inflammatory(activity([129,(130].(
Pumas( et( al.,( 2011( [126]( analyzed( cell=free(extracts( from( four( thermotolerant( strains(
(Cyanosarcina) sp.( SK40,( Phormidium) sp.( PD40=1,( Scytonema) sp.( TP40( and(
Leptolyngbya) sp.( KC45)( and( indicated( that( besides(PBPs,( phenolic( compounds( and(
other( substances( are( responsible( for( the( thermostable( antioxidant( activity( of( their(
cyanobacterial(extracts,(suggesting(that(crude(extracts(from(cyanobacteria(may(be(used(
as( thermostable(antioxidative(agents( in(cosmeceutical( products.(Hossain(et(al.,(2016(
[131],(also( revealed(that(cyanobacteria(may(be(used(as(source(of(antioxidants( in( the(
cosmeceutical(industry.(Among(the(four(species(evaluated,(by(the(authors,(Lyngbya)sp.(
showed(the(highest(total(phenolic(content((TPC),(total(flavonoid(content((TFC)(and(PBPs(
concentration,(and(Oscillatoria)sp.(registered(the(highest(FRAP(and(the(best(scavenging(
activity(against(DPPH•.(
Spirulina)platensis( has( also(been( reported(as( an( inhibitor( of( skin( tumors( induced( by(
intense( exposure( to( UV=B( radiation( in( mouse( skin( through( its( anti=inflammatory( and(
antioxidant( effects( [132].( This( study,( which( was( carried( out( based( on( a( daily( diet(
supplement( with( dried( powder( containing( S.) platensis( and( purified( phycocyanobilin(
(PCB),(the(active(form(of(C=phycocyanin(in(S.)platensis,(proved(that(the(supplementation(
with(this(strain(may(be(safe(for(protection(against(UVB=induced(skin(tumorigenesis,(due(
to( the( ( increase( in( the( levels(of( the(antioxidant(enzymes( [132].(For(PC=C(a(powerful(
antioxidant( effect( was( described,( such( as( the( sequestration( of( peroxyl( and( hydroxyl(
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radicals(and(inhibition(of(lipid(peroxidation([133].(In(addition(to(its(antioxidant(potential,(
this(phycobiliprotein(has(been(used(as(a(natural(dye(both( in( the( food( industry(and( in(
cosmetics( to( replace( synthetic( dyes,( due( to( the( fact( that( it( is( non=toxic( and( non=
carcinogenic(and(has(a(very(intense(blue(color([134].(
.((
1.2.4!Anti2aging!
(
One(of(the(most(frequent(aesthetic(and(dermatologic(concerns(with(skin(is(the(process(
of(skin(aging.(Although(skin(aging(is(tightly(linked(to(intrinsic(factors(such(as(genetics,(it(
is( also( related( to(environmental( factors( such(as(UV( radiation(exposure,( air( pollution,(
smoking( and( weather( conditions( such( as( wind( and( cold( [135,( 136].( ( Among(
environmental( factors( inducing( skin( aging,( UV( radiation( is( the(most( aggressive( one.(
Photo=aged( skin( is( identified( by( modifications( in( dermal( connective( tissue( such( as(
wrinkles,( pigmented( lesions( and( patchy( hypo( pigmentations( [52].( In( dermis,( the(
fibroblasts( are( responsible( for( the( production( of( ECM,( which( mostly( comprehends(
collagen( and( elastin( providing( firmness( and( elasticity( to( the( skin( [137].( Concerning(
cyanobacteria,(Lee(et(al.,( 2017( [138]( reported( for( the( first( time( that( six(extracts( from(
Arthrospira)platensis(had(an(anti=photoaging(effect(in(normal(human(dermal(fibroblasts(
(nHDFs)(exposed( to(UV=B(by(showing(UV=B(resistance,(13(and(26%( increase( in(cell(
viability,( the( Immune=dot( blot( assay( showed( that( the(protective( effect( of(A.)platensis(
extract(affected(UVB=induced(DNA(damage(in(nHDFs(due(to(inhibition(of(CPD(and(MMP(
expression( and( demonstrated( a( protection( against( UV=induced( cellular( senescence(
[138].(These(findings(support(the(use(of(the(extract(of(Arthrospira)platensis(as(a(natural(
compound(in(cosmeceutical(to(act(in(the(protection(against(UV=B(induced(skin(aging.(It(
is(known(that(carotenoids,(specially(!=carotene,(present(in(cyanobacteria(are(involved(in(
maintaining(the(integrity(of(the(cellular(matrix,(being(important(in(the(repair(of(the(photo=
oxidative(damage([139].(Darvin(et(al.,(2015([140],( in(order(to(evaluate(the(antioxidant(
status(of(human(skin,(analyzed(10(volunteers(between(25(and(54(years(old,(who(ingested(
powdered(oral(Spirulina)platensis( containing(antioxidants,( such(as( carotenoids,( twice(
daily((0.7g(per(dose)(for(a(period(of(8(weeks(and(was(able(to(reveal(that(concentrations(
of(cutaneous(carotenoids(increased(considerably((22%(on(average).(
Skin(moisture,(UV( protection,( stimulation(of( fibroblasts( proliferation(and( increase( the(
antioxidant( potential( are( mechanisms( that( led( to( the( retardation( of( skin( aging.( As(
exposed( above,( cyanobacteria( produce( compounds( that( can( interfere( in( all( these(
processes(such(as(the(EPS,(MAAs,(SCY(and(carotenoids.(The(antioxidant(potential(in(
cosmetics( is(pivotal( in(terms(of(delaying(skin(aging.(Together(with(the(above(phenolic(
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compounds,( all( of( these( compounds( exert( an( antioxidant( effect( and( thus( may( be(
interesting(in(cosmetics(directed(to(skin=aging.(
(
1.2.5!Anti2inflammatory!
(
In(addition(to(acting(as(a(protective(physical(barrier,(the(skin(also(functions(as(a(dynamic(
organ( that( has( other( recognized( functions,( such( as( endogenous( homeostasis,(
metabolism(and(sensory( input.(Moreover,( the(skin(actively(assists( in(the(processes(of(
immune(regulation(and(inflammatory(responses([141].(Environmental(and(occupational(
allergic( dermatitis( have( become( serious( health( issues( in( most( developed( countries.(
Severe( itching( is( the(most( important( problem,( causing(damage(of(patient( quality( life.(
Topical(corticosteroids(are(the(main(compounds(used(in(treatment(for(allergic(contact(
dermatitis( (ACD).(Nevertheless,( chronic( treatment( is( limited(by( side( effects,( such(as(
cutaneous(atrophy,(striae,(and(adrenal(suppression.(Therefore,(a( topical(product( that(
could( repress( the( symptoms( of( ACD( rapidly(without( the( side( effects( associated(with(
corticosteroids(would(be(a(good(alternative(for(the(treatment([142].(Nagtu(et(al.,(2012(
[143](have( reported( that( the(polysaccharide(sacran( from(Aphanothece)sacrum,(which(
contains(more(than(9(monosaccharides(as(constituent(sugar,(may(have(potential(anti=
inflammatory( effects.( Furthermore,( sacran( inhibited( the( release( of( inflammatory(
cytokines(and(chemokines(that(are(also(believed(to(be(responsible(for(development(of(
skin(allergy.(In(another(study([144],(in(immature(dermal(skin(model,(the(sacran(treatment(
improved(atopic(dermatitis.(In(addition,(Ngatu(et(al.,(2012([143](showed(sacran=treated(
body( region( of( human( volunteers( with( dry( skin( significantly( reduced( TEWL( levels(
compared(with(exogenous(hyaluronic(acid,(although(it(is(known(hyaluronic(acid(improves(
skin(moisture(and(exerts(skin(barrier(repair(activity.(Motoyama(et(al.,(2016([145](showed(
potent(anti=inflammatory(effects(by(sacran(in(rats.((
These(findings(revealed(that(sacran(has(an(efficient(skin(repair(by( improving(the(skin(
barrier(with(no(life=threatening(adverse(effects.(Moreover,(it(is(known(that(flavonoids(and(
PBPs(have(anti=inflammatory(activities([24,(130].(Spirulina)platensis(commonly(used(as(
a( human( food( supplement( due( to( its( nutritional( and( antioxidant( properties( has( been(
recently(suggested(to(exert(anti=tumor(effects(against(UVB(irradiation(in(the(skin(which(
were(attributed(not(only(to(its(antioxidant(effects(but(also(to(its(anti=inflammatory(action(
[132].( Furthermore,( Stevenson(et( al.,( 2002( [146]( reported(SCY(has(pharmacological(
potential(for(having(demonstrated(anti=inflammatory(and(anti=proliferative(properties(.(
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1.2.6!Antiviral!
!!
Another(application(of(cyanobacteria(in(cosmetics(refers(to(the(inhibition(of(the(virus(that(
causes( cold( sores.( (Mader(et(al.,( 2016( [147]( reported( the( inhibition(of( the(binding(of(
herpes(type(1(virus((HSV=1)(to(human(keratinocytes(by(Spirulina)platensis(extract(and(
calcium(spirulan((Ca=SP),(a(polysaccharide(extracted(from(species(of(Spirulina.(Ca=SP(
was( found( to(strongly( inhibited(HSV=1( infection(with(an( IC50(of(0,04µg(mL=1,(which( is(
comparable(with(Acyclovir((ACV(=(IC50(of(0,06µg(mL=1),(when(added(2(hours(before(viral(
attachment( of( Vero( cells.( When( testing( the( antiviral( effects( of( Ca=SP( in( human(
Keratinocytes(cell( line((HaCaT),( the( inhibitory(potency(was(similar( to(that(observed(in(
Vero(cells(and(also(similar(to(that(of(ACV,(assuming(that(Ca=SP(inhibits(the(infection(of(
human(keratinocytes(by(HSV=1(through(interference(with(the(attachment(phase(of(viral(
entry.( Furthermore,( to( investigate( the( herpes( labialis( prophylactic( effect,( a( topical(
application( of( a( cream( containing( the( Spirulina( species( extract( and( Ca=SP( was(
developed(indicating(potential(clinical(relevance.(Thus,(constituting(a(protection(against(
cold(sores(that(can(be(included(in(a(topical(application.(
(
1.2.7!Whitening!
!
Whitening(is(one(of(the(demands(in(cosmetic(formulations(directed(to(the(treatment(of(
pigmentation( disorders.( When( melanogenesis( is( disturbed,( abnormal( pigmentation(
production(may(occur,(such(as(hypo(or(hyperpigmentation,(resulting(in(skin(blemishes(
[51].(These(dermatoses(can(be(a(serious(aesthetic(problem(in(humans.(As(a(result,(the(
pharmaceutical(and(cosmetic(industries(have(sought(solutions(for(the(treatment(of(these(
skin(diseases([148].(A(potential(use(of(compounds(in(cosmetics(refers(to(the(effect(on(
melanin(production.(Despite(being(a(natural(skin(protector(against(UV(radiation,(melanin(
is(also(well(known(for(its(abnormal(accumulation(which(induces(pigmentation(disorders,(
such(as(melasma,(freckles(and(senile(lentigines([149].(As(the(initial(enzyme(for(melanin(
synthesis,( tyrosinase(plays(a( key( role( in(pigmentation(of(skin(and(hair( [150].(Studies(
concerning(the(inhibitory(effect(of(cyanobacteria(against(tyrosinase(are(scarce.(From(our(
bibliographic( research,( only( two(papers(have(been( found.(The(paper( from(Sano(and(
Kaya.,( 1996( [151]( that( describes( the( isolation( of( Osccillapeptin( G( from(Oscillatoria)
agardhii( and( its( tyrosinase( inhibitor(effecto( and( the(paper( from(Wu(et(al.,( 2011( [152],(
where(it(is(described(a(significant(reduction(in(tyrosinase(activity(and(melanin(production(
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by(C=phycocyanin( from(Spirulina) sp..( Cyanobacteria( compounds(may( therefore(have(
potential(applications(in(pigmentation(disorders(by(affecting(the(tyrosinase(effect.((
(
The(increased(concern(with(skin(health,(particularly(regarding(appearance(and(aging,(
has( led(to(a(greater(demand( for(new(cosmetic(products,(mainly(natural(products(with(
less( side( effects( and( environmentally( friendly.( The( effective( mechanisms( of(
cyanobacteria(against(desiccation,(radiation(and(oxidative(stress,(through(the(production(
of( specific( compounds,( makes( this( group( of( organisms( promising( in( the(
cosmetic/cosmeceutical( industry.( In( this( sense( cyanobacteria,( may( be( used( as( an(
efficient( technology( to( produce( natural( ingredients( such( as( EPS,( UV( filters( and(
antioxidants(with(the(ability(to(contribute(to(the(health(of(the(skin(and(to(delay(the(aging(
process.!
!
! !
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2.!Objectives!
(
(
In(the(present(study,(we(evaluated(the(potential(of(cyanobacteria(from(the(LEGE(Culture(
Collection((LEGE(CC)(for(skin(protection.(The(LEGE(CC(at(the(Blue(Biotechnology(and(
Ecotoxicology( (BBE)( research( group( of( the( Interdisciplinary( Center( for( Marine( and(
Environmental( Research( (CIIMAR)( comprises(more( than(350( different( cyanobacteria(
strains,(some(of(which(have(exhibited(bioactivities(such(as(anticancer,(antimicrobial(and(
antifouling.(
Based(on(the(bioactive(potential(already(described(from(some(strains,(we(aimed(with(this(
work( to( study( the( potential( of( cyanobacteria( strains( as( a( source( of( compounds( with(
application(in(human(skin(protection,(namely(in(cosmetics(or(cosmeceuticals.((
((
(Considering(this(main(goal,(the(following(specific(tasks(were(defined:(
1.( Culture(of(marine(and(freshwater(cyanobacteria(strains(for(biomass(productiono(
2.( Preparation(of(cyanobacteria(ethanolic(extractso(
3.( Determination(of(some(phytochemical(components:(
3.1((Identification( and( quantification( of( the( carotenoids( and( chlorophyll( profiles((((
from(cyanobacteria(ethanolic(extractso(
3.2((Determination(of(the(total(phenolic(content(of(cyanobacteria(ethanolic(extractso(
4.( Evaluation( of( the( effects( of( cyanobacteria( ethanolic( extracts( on( keratinocytes,(
fibroblasts(and(endothelial(cells(viabilityo(
5.( Determination(of( the(antioxidant(potential(of(cyanobacteria(ethanolic(extracts(by(
chemical(methodso(
6.( Estimation(of(the(effects(of(cyanobacteria(ethanolic(extracts(on(melanin(production(
by(the(tyrosinase(inhibitory(assayo(
(
(
!
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Chapter!II!
!
1.!Materials!and!Methods!
!
!
1.1! Cyanobacteria!strains!
!
In( this( study,( eight( cyanobacterial( strains( isolated( from( Portuguese( marine( and(
freshwater(ecosystems( and(maintained( in( the(Blue(Biotechnology( and(Ecotoxicology(
Culture(Collection((LEGE(CC,(http://lege.ciimar.up.pt)(at(the(Interdisciplinary(Centre(of(
Marine(and(Environmental(Research((CIIMAR/CIMAR)(were(selected.(The(strains(were(
isolated( from( environmental( sources( and( identified( both( morphologically( and( by(
molecular(tools,(using(the(16s(rRNA(gene(sequencing.(The(strains(selection(was(based(
in( the( bioactive( potential( already( reported( (Table! 1),( which( include( anticancer( and(
antimicrobial(activity.(The(strain(list(includes(filamentous(and(coccoid(forms(such(as(the(
genera(Phormidium(and(Cyanobium,( respectively.(Therefore,(we(selected( the(strains:(
Phormidium)sp.(LEGE05292,(Synechocystis)salina)LEGE06099,(Nodosilinea)nodulosa)
LEGE06102,( Cyanobium) sp.( LEGE06113,( Synechocystis) salina) LEGE06155,(
unidentified( filamentous(cyanobacterium((Oscillatoriales)(LEGE07167,(Cyanobium)sp.(
LEGE07175(and(Tychonema)sp.(LEGE07196!(Table!1o(Figure!3).((
!
!!!Table!1.(Selected(cyanobacteria(strains(and(related(bioactivities.(
Genus/Strain! LEGE!CODE! Origin! Bioactivities! Reference!
Phormidium)sp.( LEGE!05292( Freshwater((Biofilm)(
Anticancer,(
Antibacterial(
[153](
Synechocystis)salina( LEGE!06099( Marine((Intertidal(substract)( Anticancer( [154](
Nodosilinea)nodulosa( LEGE!06102( Marine((Submerged(stone)( Anticancer( [154](
Cyanobium)sp.( LEGE!06113( Marine((Intertidal(substract)( Anticancer( [154]o([155]o([156](
Synechocystis)salina( LEGE!06155( Marine((Rock(surface(scraping)( Anticancer( [154](
Oscillatoriales( LEGE!07167( Marine((Rock(surface(scraping)( Anticancer( [154](
Cyanobium)sp.( LEGE!07175! Marine((Sea(water)(
Anticancer,(
Antibacterial(
[154]o([157](
Tychonema)sp.( LEGE!07196( Freshwater((Biofilm)( Antiobesity( Unpublished(
()))))))))))))))))))))))))))))))))))))))))))))))))))) 
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)))))))                                         (
)))))))Phormidium)sp.(LEGE05292((((((((((((((((((((((((((((((((((((((((((((((((Synechocystis)salina(LEGE06099)
)
 
(
                                           
Nodosilinea)nodulosa)LEGE06102((((((((((((((((((((((((((((((((((((((Cyanobium)sp.(LEGE06113( 
 
                                           ((((((((((((((((((((((((((((((((
Synechocystis)salina)LEGE06155(((((((((((((((((((((((((((((((((((((((((((((Unidentified(cyanobacterium((((((((((
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Oscillatoriales(LEGE07167(
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
                                           
Cyanobium)sp.(LEGE07175(((((((((((((((((((((((((((((((((((((((((((((((((((((Tychonema)sp.(LEGE07196( 
!
Figure!3.(Selected(cyanobacteria(strains.( (
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1.2! Cyanobacteria!biomass:!culture!and!harvest!
!
For( biomass( production,( raw( biological( material( from( each( cyanobacteria( strain( was(
inoculated(in(liquid(Z8(medium([158](supplemented(with(10(μg(L=1(vitamin(B12(and(25(g(
L=1(NaCl(for(marine(strains.(Cultures(were(performed(at(25ºC,(with(a(photoperiod(of(14(
h/10(h(light(and(dark(respectively,(and(at(light(intensity(of(10(mmol(photons(s1(m2.(The(
strains(were(grown(in(6(L(flask(filled(with(4L(medium(and(with(constant(aeration.(
At(the(exponential(growth(phase((for(approximately(40(days),(the(cyanobacterial(biomass(
was(harvested(through(high(speed(centrifugation((Thermo(Scientific(BIOS(16,(Germany).(
To(remove(the(excess(of(NaCl( in(the(marine(strains,(distilled(water(was(added(in(two(
steps(centrifugations.(The(centrifugation(was(performed(at(7000(Gs(for(15(min(at(4ºC.(
The(fresh(concentrated(biomass(was(then(frozen(and(freeze=dried((Telstar(LyoQuest)(
under(reduced(pressure((0.1(mbar(with(condenser(at(=(47ºC)(and(stored(at(=(20ºC(until(
further(use(for(extract(preparation.(
(
(
1.3! Preparation!of!cyanobacterial!extracts!
!
The(cyanobacteria(extract(used(in(the(study(was(an(70%(ethanolic(extract.(The(extraction(
was(carried(out(by(suspending(2(g(of(biomass(in(45(mL(of(70%(ethanol.(The(disruption(
of( the( cell(wall( and( the( release(of( intracellular( content(were(performed(by(sonication(
(Vibra=Cell,(USA)(at(a(frequency(of(70/80(Hz,(for(3(minutes(with(intervals(of(1(minute.(In(
order( to( avoid( biomass( heating,( extraction( was( performed( on( ice.( Cell( debris( was(
removed(by(centrifugation(at(15000(Gs(for(10(min(at(4ºC((Gyrozen(2236R,(South(Korea).(
This(extraction(process(was(repeated(5(time(for(all(strains.(Supernatants(from(each(strain(
were(combined(and(stored(at(7ºC,(so( that( the( remaining(cells(were(deposited(on( the(
bottom(of(the(flask.(After(complete(sedimentation,(the(supernatants(were(transferred(to(
new( flasks( and( evaporated( under( speedvac( (Centrivap( Vaccum( Concentrator,(
Labconco,(USA).(
After(evaporation,(20(mL(of(70%(ethanol(was(added(in(order(to(resuspend(the(extract(
that(was(deposited(on( the(walls(of( the( flasks.(Extracts(were( then(filtered(with(a(glass(
Pasteur(pipette(containing(slightly(pressed(cotton(and(recovered(in(previously(weighted(
glass( vials.( Finally,( solvents( were( evaporated( under( pressure( by( using( a( rotavapor(
(BUCHI(Interface(I=300,(Switzerland)(at(30mBar(and(=(7º(C.(This(process(was(completed(
in(a(freeze=dryer((0.1(mbar(with(condenser(at(=(47(ºC)(for(24(hours.(Each(glass(vial(was(
weighted(again,(and( the( total(mass(of( the(crude(extract(calculated.( In( the(end(of( this(
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procedure,( the( crude( extract( was( dissolved( in( dimethyl( sulfoxide( (DMSO)( to( a(
concentration(of( 10(mg(mL=1.(For(HPLC(analysis,( the( crude(extract(was(dissolved( in(
methanol(at(a(concentration(of(10(mg(mL=1.(
(
(
1.4! Phytochemical!analysis!
!
1.4.1!Determination!of!carotenoid!and!chlorophyll!profiles!!
!
The(identification(of(the(carotenoid(and(chlorophyll(profiles(has(already(been(elucidated(
in( some( cyanobacteria( strains( [115,( 159,( 160].( In( this( work,( carotenoids( in( the(
cyanobacteria(extract(were(determined(by(following(the(method(described(by(Amaro(et(
al.,( (2015( and( 2018)( [161,( 162].( Briefly,( lyophilized( extracts( were( resuspended( in(
LiChrosolv®(methanol(to(a(final(concentration(of(10(mg(mL=1(and(filtered(through(a(0.2(
µm(pore(membrane(before(analysis.(Identification(and(quantification(were(carried(using(
High(performance(liquid(chromatography((HPLC)(with(photodiode(array((PDA)(detection(
(Waters(Alliance(2695,(USA).((
!
For(the(analysis,(twenty(microliters(of(the(extract(solution(were(analyzed(using(a(Luna(
5µ(C18(100A((250(–(4.6(mmo(Phenomenex).(A(column(heater((Waters,(USA)(was(used(
to( maintain( temperature( constant( at( 25ºC( during( the( analyses.! The( mobile( phase(
consisted(of!2(solvents:(ethyl(acetate((A)(and(acetonitrile:water(9:1((v/v)((B),(both(from(
VWR(Prolabo,(starting(with(0%(A(and(installing(a(gradient(to(obtain(60%(A(at(31(min,(
60%(A(at(36(min,(100%(A(at(38(min,(100%(A(at(43(min,(and(0%(A(from(50(to(55(min.(
The(flow(rate(was(1(ml(min=1(and(the(injection(volume(was(20µL.(All(solvents(used(in(the(
mobile(phase( (HPLC( grade)(were( filtered(with(a(GH(Polypro( (GHP)(Membrane(Disk(
Filters,(with(a(porosity(of(0.2µl( (Pall,(NY,(USA).(Data(were(processed(using(Empower(
chromatography(software((Waters,(USA).(Spectra(data(from(all(peaks(were(collected(in(
the(range(250(to(750(nm.((
Compounds(were(identified(by(comparing(their(retention(times(and(UV=Vis(spectra(with(
those(of(authentic(standards.(Carotenoids(quantification(was(achieved(by(measuring(the(
absorbance(recorded(in(the(chromatograms(relative(to(external(standards(at(450nm.((
Zeaxanthin,( lutein,( canthaxanthin,( echinenone,( !=carotene( and( chlorophyll( a(
(Extrasynthese,( France( and( Sigma=Aldrich,( USA)( were( quantified( with( the( authentic(
standardso( unidentified( carotenoids( were( quantified( as( zeaxanthin,( chlorophyll(
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derivatives( as( chlorophyll( a( and( !=carotene( derivatives( as( !=carotene.( Calibrations(
curves( were( obtained( with( standard( solutions( corresponding( to( five( different(
concentrations,(selected(as(representative(of(the(range(of(compounds(concentrations(in(
the(samples.(The(calibration(plots,)r2(values,(the(limit(of(detection((LOD)=)3So/b)(and(the(
limit(of(quantification((LOQ)=)10So/b)((Where(So(is(the(standard(deviation(of(signal=to=
noise(ratio(and(b( is( the(slope(of( the(calibration(plot)( for( the(analyzed(carotenoids(and(
chlorophyll(a(are(shown(in(the(table!2.(
(
(
Table!2.(Calibration(curves(of(authentic(standards(used(for(quantification(of(different(carotenoids(
and(chlorophyll(a.(
Standards! Calibration!curve! r2! LOD!(mg/mL)!a! LOQ!(mg/mL)!b!
Zeaxanthin( y(=(1040515632x(=(285181( 0.9981( 0.0000072( 0.0000239(
Lutein( y(=(273528935x(=(49102( 0.9988( 0.0000921( 0.0003070(
Canthaxanthin((trans)( y(=(12144399x(=(12640( 0.9992( 0.0003251( 0.0010840(
Echinenone( y(=(227303816x(=(19677( 0.9998( 0.0000935( 0.0003312(
Chlorophyll(a( y(=(6636898x(=(6835( 0.9993( 0.0005143( 0.0017140(
!=Carotene( y(=(140882609x(=(43144( 0.9988( 0.0000323( 0.0001080(
a(LOD:(limit(of(detection.(b(LOQ:(limit(of(quantification.(
(
(
1.4.2!Determination!of!total!phenolic!content!(TPC)!
!
The(TPC(of(the(cyanobacterial(extracts(was(determined(using(a(colorimetric(assay(based(
on( Folin=Ciocalteu( reagent,( according( to( Barroso( et( al.,( 2016( [163]( with( some(
modifications.( Briefly,( a( volume(of( 25µL( of( each( extract( (10mg(mL=1)( was( thoroughly(
mixed(with(25µL(of(Folin=Ciocalteu(reagent((Sigma=Aldrich,(St.(Louis,(MO,(USA),(200µL(
of( Na2CO3( solution( (75gL=1)( and( 500µL( of( deionized( water.( In( the( blank,( the( Folin=
Ciocalteu(reagent(was(replaced(by(deionized(water.(After(the(incubation(period((60min(
at(room(temperature),(the(absorbance(of(the(colored(product(formed(was(measured(at(
725( nm,( using( a( Synergy( HT( Multi=detection( microplate( reader( (Biotek,( Bad(
Friedrichshall,(Germany)(operating(by(GEN5TM(software.(A(standard(curve(was(obtained(
using( seven( concentrations( of( gallic( acid( (GA)( (0.025( to( 0.5mg( mL=1).( The( linear(
regression(equation((y(=(1.951x(+(0.01135o(R2(=(0.9989)(obtained(with(GA(was(used(to(
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quantify(the(TPC(in(the(cyanobacteria(ethanolic(extracts((Figure!4).(The(concentration(
of(total(phenolics(was(expressed(as(µg(GA(equivalents((GAE)(mg=1(dry(extract(and(mg(
GAE(g=1(dry(biomass.(The(experiment(was(carried(out(in(triplicate.(
(
(
(
(
!
Figure!4.(Standard(calibration(curve(for(Gallic(acid.(
!
!
!
1.5! Cell!culture!and!cytotoxicity!analysis!
!
1.5.1!Cell!culture!
!
For( cytotoxic( assays( with( the( ethanolic( cyanobacteria( extract,( keratinocytes( and(
fibroblasts(cells(were(selected.(Keratinocytes(are(the(fundamental(cells(of(the(epidermis(
and(fibroblasts(are(the(primordial(cells(of(the(connective(tissue(of(the(dermis.(In(addition,(
due(to(the(fact( that( the(skin( is(a(highly( irrigated(organ,(the(effect(of(crude(extracts(on(
normal(endothelial(cells(was(also(studied.(
The(cell( lines( included(in(the(study(were(the(HaCat(keratinocytes(cell( line,( the(3T3L1(
fibroblasts(cell(line(and(the(hCMEC/D3(endothelial(cell(line.(Keratinocytes(and(fibroblasts(
were(obtained(from(the(American(Type(Culture(Collection((ATCC)(and(endothelial(cell(
line(was(donated(by(Dr.(PO(Couraud((INSERM,(France).(Cells(were(cultured(in(DMEM(
Glutamax(medium((Dulbecco’s(Modified(Eagle(Medium(DMEM(GlutaMAXTM(–(Gibco,(
Germany),( supplemented( with( 10%( (v/v)( fetal( bovine( serum( (Gibco,( USA),( 0,1%(
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Amphotericin( B( (Gibco,( Germany)( and( 1%( of( penicillin=streptomycin( (Pen=Strep( 100(
IU/ml( and( 10( mg/ml,( respectively)( (Gibco,( Germany)( in( a( humidified( atmosphere(
containing(5%(CO2(and(at(37ºC.(Culture(medium(was(renewed(every(two(days.(At(80=
90%(cell(confluence,(adherent(cells(were(washed(with(phosphate=buffered(saline((PBS)(
(Gibco,(Germany)(and(enzymatically(released(with(TrypLE(express(enzyme((1x)((Gibco,(
Denmark).(
(
1.5.2!Cytotoxicity!assay!–!MTT!assay!
!
Keratinocytes,(fibroblasts(and(endothelial(cells(were(seeded(in(96(well(plates(at(a(density(
of(2,5(x(104(cells(mL=1o(3,3(x(104(cells(mL=1(and(1(x(105(cells(mL=1,(respectively.(After(24(
hours( of( cell( adhesion( the( medium( was( changed( to( new( medium( containing( the(
cyanobacteria(extracts(at(six(final(concentrations(of(100µg(mL=1o(75µg(mL=1o(50µg(mL=1o(
25µg(mL=1o(12.5µg(mL=1(and(6.0µg(mL=1.(1%(DMSO(was(tested(as(negative(control.(Cells(
were(exposed(for(a(period(of(24(and(48h.((
The(cellular(viability(was(determined(by(the(reduction(of( the(3=(4,5=dimethylthiazole=2=
yl)=2,5=diphenyltetrazolium( bromide( (MTT,( Sigma=Aldrich),( tetrazole( salt.( After( each(
incubation(time,(an(aliquot(of(20μL(MTT(solution((1(mg(mL=1)(was(added(to(each(well(in(
medium( and( incubated( at( 37ºC( for( 3h.( ( After( the( incubation( time,( the( medium( was(
carefully( aspirated,( and( the( purple( colored( formazan( salts( dissolved( in( DMSO.((
Absorbance(was(read(at(550(nm(in(using(a(Synergy(HT(Multi=detection(microplate(reader(
(Biotek,(Bad(Friedrichshall,(Germany)(operating(by(GEN5TM(software.(The(assay(was(
run(in(quadruplicate(and(averaged.(Cytotoxicity(was(expressed(as(a(percentage(of(cell(
viability(considering(100%(viability(in(the(solvent(control.(For(reproducibility(of(the(results(
each(assay(was(independently(repeated(three(times.(
(
(
1.6! Antioxidant!assays!!
!
The(antioxidant(potential(of(the(cyanobacteria(extracts(was(evaluated(by(the(free(radical(
scavenging( assays( of( the( free( radical( 2,2=diphenyl=1=picrylhydrazyl( (DPPH•)( and(
superoxide(radical(anion((O2•=),(following(methods(already(described.((
For( each( cyanobacterial( extract( (10mg( ml=1),( serial( dilutions( were( tested( in( order( to(
determine(the(effective(concentration(to(achieve(50%(of(scavenging((IC50),(25%((IC25)(
and(10%((IC10).(
(
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1.6.1!DPPH•!free!radical!scavenging!activity!
!
The(DPPH•(scavenging(assay(was(performed(according(to(Sanchez=Moreno(et(al.,(1998(
[164],(with(some(modifications.(Six(different(concentrations(of(each(extract((1.11(mg(mL=
1,(0.83(mg(mL=1,(0.55(mg(mL=1(0.27(mg(mL=1,(0.13(mg(mL=1,(0.06(mg(mL=1)(were(tested.(
A(volume(of(25μL(of(each(sample(was(transferred(to(a(96=well(plate,(followed(by(200μL(
of( freshly( prepared( 100μM( DPPH•( reagent.( A( blank( was( prepared( for( the( same( six(
different(extract(concentrations,(followed(by(200μL(of(solvent((ethanol)(of(the(reagent.(A(
control(without(extract(was(included(for(all(assays.(GA(was(used(as(positive(control.(The(
plate(was(incubated(in(the(dark,(at(room(temperature(for(15(min.(The(absorbance(was(
measured(at(515(nm(using(a(Synergy(HT(Multi=detection(Microplate(Reader(operating(
by(GEN5TM((Biotek,(Bad(Friedrichshall,(Germany).(At(least(three(independent(tests(were(
performed(in(duplicate,(and(the(results(were(expressed(as(percent(inhibition(of(DPPH•(
reduction( relative( to( control.( DPPH•( ( scavenging( activity( was( calculated( using( the(
formula:(
(
( DPPH•((%)(Scavenging(Activity(=([(Ac(=(As)/Ac](*(100(
(
Where(Ac(is(the(absorbance(of(the(control(and(As(is(the(absorbance(of(the(sample(or(
standard.((
The( IC( values( and( the( corresponding( dose=response( curves( were( determined( with(
Graphpad(Prism"(software( (version(7.0d).(Results(were(expressed(as(mean(±SD((µg(
mL=1).(
(
1.6.2!Superoxide!anion!radical!(O2•2)!scavenging!capacity!
!
The(O2•=(scavenging(activity(was(performed(according(to(Valentão(et(al.,(2001([165](with(
some(modifications.((Nine(serial(dilutions(were(prepared(for(each(cyanobacteria(extract(
(1.66(mg(mL=1,(1.5(mg(mL=1,(1.33(mg(mL=1,(1.16(mg(mL=1,(1.0(mg(mL=1,(0.83(mg(mL=1,(
0.66(mg(mL=1,(0.5(mg(mL=1(and(0.33(mg(mL=1).(A(volume(of(50µL(of(each(dilution(was(
transferred( to(a(96=well(plate(and(mixed(with(50µL(of(166µM(!=nicotinamide(adenine(
dinucleotide(reduced(form((NADH)(solution((freshly(prepared(and(kept(in(ice)(and(150µL(
of(43µM(nitrotetrazolium(blue(chloride((NBT)((freshly(prepared(and(kept(out(of(the(light).(
After(adding(50µL(of(2.7µM(phenazine(methosulphate((PMS)((freshly(prepared(and(kept(
out(of(the(light),(the(radical(scavenging(activity(of(the(samples(was(quickly(determined(
by( monitoring( their( effect( on( the( reduction( rate( of( NBT,( using( a( Synergy( HT( Multi=
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detection(Microplate(Reader(operating(by(GEN5TM((Biotek,(Bad(Friedrichshall,(Germany)(
operating(in(kinetic(function,(at(room(temperature,(for(2(minutes,(at(562(nm.(All(reagents(
were(dissolved( in(phosphate(buffer( (19µM,(pH(7.4).(Three( independent(assays(were(
performed( in( triplicate.( GA( was( used( as( positive( control( (1mg( mL=1).( Results( were(
expressed(as(the(percentage(of(inhibition(of(NBT(reduction,(relative(to(control(according(
to(the(formula:!
(
O2•=((%)(=([(Ac(=(As)/Ac](*(100(
(
Where(Ac(is(the(absorbance(of(the(control(and(As(is(the(absorbance(of(the(sample(or(
standard.((
The( IC( values( and( the( corresponding( dose=response( curves( were( determined( with(
Graphpad(Prism"(software( (version(7.0d).(Results(were(expressed(as(mean(±SD((µg(
mL=1).(
(
(
1.7! Tyrosinase!inhibitory!assay!
!
To(study(the(effect(of(the(cyanobacteria(extract(on(melanin(production,(the((inhibition(of(
tyrosinase( activity( was( determined( by( spectrophotometry( by( following( the( procedure(
described(by(Adhikari(et(al.([148].(Commercial(mushroom(tyrosinase(at(a(concentration(
of(25(U(mL=1(was(exposed(to(the(cyanobacteria(extracts(at(0.1(g(mL=1(and(then(mixed(
with(the(substrate(L=DOPA(at(a(concentration(of(2.5mM.(After(20min(incubation(at(25º(
C,(the(enzymatic(activity(was(measured(by(spectrophotometric(analysis(at(475(nm(using(
a( Synergy( HT( Multi=detection( Microplate( Reader( operating( by( GEN5TM( (Biotek,( Bad(
Friedrichshall,(Germany).(All(solutions(were(prepared(in(50mM(phosphate(buffer(at(pH(
6.5.(The(percentage(of(inhibition(of(tyrosinase(activity(was(calculated(by(the(formula:(
(
%(Inhibition(=([(Ac(=(As)/Ac](*(100(
(
Where(Ac( is( the(absorbance(of( control( and(As( is( the( absorbance( of( the( sample.( All(
assays(were(run(in(triplicate.(Kojic(acid(was(used(as(positive(control((20(mg(mL=1).(
!
!
! !
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1.8! Statistical!analysis!
!
Statistical(analysis(was(performed(using(IBM(SPSS(STATISTICS(software,(version(25.0,(
IBM( Corporation,( New( York,( USA( (2011).( Data( were( analysed( for( normality( and(
homogeneity( of( variances( by( Kolmogorov=Smirnov( and( Leven’s( tests,( and( then(
submitted(to(one=way(ANOVA,(using(a(Tukey's(HSD((honest(significant(difference)(as(
post=hoc( test,( for( total(phenols,(superoxide(scavenging(assay,(DPPH•( (IC10(and(IC25),(
compounds( 4,( 8,( 10,( 14,( 16,( 18=20,( 26,( 27,( 29( and( 31,( total( carotenoids( and( total(
chlorophylls,( or( to(a( two=tailed(unpaired( t=test( to( compare( the( IC50( values( for(DPPH•(
scavenging(assay,(and(the(total(amount(of(compounds(3,(5,(6,(11,(13,(15,(23(and(28.(
IC50(values((expressed(in(µg(of(lyophilized(extract(mL=1),(were(presented(as(mean(±(SD(
of( at( least( three( independent( experiments.( A( Pearson( correlation( test( was( used( to(
compare(normalized(expression(data(between( the( chemical( profile( and( the(biological(
activities(of(cyanobacteria(extracts.!
(
(
(
( (
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Chapter!III!
!
1.!Results!and!Discussion!
!
!
1.1! Phytochemical!analysis!
!
Carotenoids( and( phenolic( compounds( are( among( the( phytochemicals( with( most(
interesting(properties(for(application(in(industry(and(healthcare.(These(phytochemicals(
exert( a( wide( range( of( chemical( and( biological( functions,( namely( the( capability( of(
scavenging(highly(reactive(free(radicals([166],(acting(in(this(way(as(natural(antioxidants(
by(a(non=enzymatic(mechanism([167=170].(In(cyanobacteria,(these(compounds(appear(
to( play( important( roles( in( the( adaptive( response( to( oxidative( stress,( protecting( cells(
during(constant(exposure(to(UVs,(and(thus(preventing(the(formation(of(deleterious(free(
radicals( [71]( [170].( Some( cyanobacteria( species( such( as( Spirulina) platensis( and(
Spirulina)maxima(have(been(part(of(the(human(diet(in(different(parts(of(the(world(due(to(
their( interesting( pharmacological( properties,( namely( its( well=recognized( antioxidant(
potential,(which(seems(to( the( result(of( the(presence(of(bioactive(compounds(such(as(
carotenoids(and(phenols([130].((
!
1.1.1!Carotenoids!
(
The(analysis(of(the(ethanolic(extracts(from(the(different(cyanobacteria(strains(by(HPLC=
PDA( allowed( the( determination( of( 28( carotenoids,( three( chlorophyll( derivatives( and(
chlorophyll(a( (Table!3).(Figure!5( illustrates( the(chromatographic(profile(of( four(of( the(
different( cyanobacteria(genera(evaluated( in( this(survey:(Phormidium)sp.(LEGE05292(
(A),( Tychonema) sp.( LEGE07196( (B),( Synechocystis) salina( LEGE06155( (C)( and(
Cyanobium(sp.(LEGE07175((D).(
(
(
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Table&3."Carotenoid"and"chlorophyll"contents"in"the"ethanolic"extract"of"the"different"cyanobacteria"strains"(µg"g71"dry"biomass)"determined"by"HPLC7PDA1,2"
Peak" Compound" RT&
(min)"
Phormidium)sp.&
LEGE05292"
Synechocystis)
salina&
LEGE06099"
Nodosilinea)
nodulosa&
LEGE06102"
Cyanobium)sp.&
LEGE06113"
Synechocystis)
salina&LEGE06155"
Oscillatoriales&
LEGE07167"
Cyanobium)sp.&"
LEGE&07175"
Tychonema)sp.&
LEGE07196"
1" Unidentified"Chlorophyll" 7.36" 383.04"±"44.56" nd% nd% nd% nd% nd% nd% nd%
2" Unidentified"carotenoid" 8.01" nd" nd% nd% nd% nd% 5.78"±"!"0.04" nd" nd"
3" Unidentified"carotenoid" 9.71" nd" nd" 21.95"±"0.17a" nd" nd" 7.42"±"!"0.01b" nd% nd%
4" "7Carotene"oxygenated"derivative" 10.35" nd" nd" 12.58"±"0.16c" 20.79"±"0.14a" nd" 7.58"±"!"0.09d" 16.83"±"!"0.08b" nd"
5" Unidentified"carotenoid" 10.85" 6.73"±"!"0.04b" 13.26"±"0.42a" nd% nd% nd% nd% nd% nd%
6" Unidentified"carotenoid" 11.27" nd" nd" nd" 8.13"±"!"0.07a" nd% nd% nd% 7.63"±"0.21b"
7" Unidentified"carotenoid" 11.59" nd" nd" 13.80"±"!"0.02" nd% nd% nd% nd% nd%
8" Lutein"derivative" 12.02" nd" nd" nd" 18.02"±"0.31a" nd" 8.10"±"0.34c" 14.32"±"!"0.07b" nd"
9" Unidentified"carotenoid" 12.40" nd" nd" 63.07"±"0.23" nd% nd% nd% nd% nd%
10" "7Carotene"oxygenated"derivative" 12.51" nd" nd% nd% 38.95"±"0.41a" nd" 13.00"±"0.28c" 25.53"±"0.11b" nd"
11" Unidentified"carotenoid" 12.76" nd" 118.17"±"1.04a" nd% nd% 14.62"±"0.89b" nd% nd% nd%
12" Unidentified"carotenoid" 13.25" 8.20"±"0.54" nd% nd% nd% nd% nd% nd% nd%
13" Unidentified"carotenoid" 13.67" nd" 17.01"±"0.15a" 12.29"±"0.14b" nd% nd% nd% nd% nd%
14" Lutein"derivative" 13.91" nd" nd" 43.73"±"0.84a" 29.59"±"0.16b" nd" 10.00"±"0.23c" nd% nd%
15" Unidentified"carotenoid" 14.44" nd" 39.18"±"1.43a" 12.05"±"0.30b" nd% nd% nd% nd% nd%
16" Lutein"derivative" 14.72" 8.47"±"0.58b" nd% nd% nd% nd% 6.59"±"0.12c" 21.54"±"0.29a" nd"
17" Lutein"derivative" 15.01" nd" nd% nd% nd% nd% nd% 12.66"±"0.65" nd"
18" Zeaxanthin" 15.36" nd" 49.82"±"1.36a" 39.41"±"0.06b" 25.93"±"0.22c" 19.93"±"0.16d" 14.16"±"0.50f" 16.31"±"0.23e" 7.97"±"!"0.06g"
19" Lutein" 16.33" nd" 79.08"±"0.44a" 50.25"±"0.80b" 23.38"±"0.20c" 18.94"±"!"0.06d" 13.63"±"!"0.09e" 19.91"±"0.55d" "
20" Lutein"derivative" 16.78" nd" 19.02"±"!"0.07a" 15.26"±"0.31b" 8.39"±"0.18e" " 9.22"±"0.20d" 9.70"±"!"0.08c" 7.54"±"!"0.06f"
21" "7Carotene"oxygenated"derivative" 16.97" 23.48"±"0.28" nd% nd% nd% nd% nd% nd% nd%
22" Lutein"derivative" 18.66" 14.83"±"0.11" nd% nd% nd% nd% nd% nd% nd%
23" Canthaxanthin" 18.81" nd" nd% nd% nd% 9.96"±"!"0.07b" nd% nd% 37.30"±"0.68a"
24" Lutein"derivative" 19.16" 5.35"±"0.13" nd% nd% nd% nd% nd% nd% nd%
25" Unidentified"carotenoid" 20.70" 3.55"±"!"0.03" nd% nd% nd% nd% nd% nd% nd%
26" Chlorophyll"a"derivative" 26.73" nd" 634.71"±"3.18e" 1425.40"±"6.25b" 1796.97"±"6.44a" 557.64"±"0.95g" 595.72"±"12.80f" 1050.51"±"12.98c" 742.71"±"17.82d"
27" Echinenone" 27.54" nd" 48.37"±"0.45c" 46.27"±"0.53d" nd" 76.02"±"0.70a" 20.44"±"!"0.05e" 9.48"±"0.17f" 58.25"±"0.35b"
28" Chlorophyll"a"derivative" 28.17" nd" nd% nd% nd% 3588.41"±"74.03a" nd% nd% 1826.25"±"57.00b"
29" Chlorophyll"a" 29.01" 1741.99"±"68.68a" nd% nd% nd% 616.85"±"4.04b" nd% nd% 456.56"±"3.29c"
30" Echinenone"derivative" 29.91" 105.81"±"0.87" nd% nd% nd% nd" nd% nd% nd"
31" "7Carotene" 35.06" " nd" 40.76"±"!"0.09a" 15.66"±"0.21c" 22.96"±"0.93b" nd" 8.06"±"0.21d" nd"
32& "7Carotene"derivative" 37.94" 39.46"±""0.94" nd" nd" nd" nd& nd" nd" nd"
Total&carotenoids" 213.06"±"4.64c" 383.89"±"3.54a" 358.30"±"22.12b" 188.84"±"0.44d" 162.43"±"1.29e" 115.93"±"0.48f" 169.38"±1.68d,e" 118.69"±"1.07f"
Total&chlorophylls" 2125.04"±"65.01c" 634.71"±"3.18g" 1425.40"±"6.25e" 1796.97"±"6.44d" 4762.90"±"73.72a" 595.72"±"12.80g" 1050.51"±"12.98f" 3025.52"±"46.73b"
"""""""""1"Values"are"expressed"as"mean"±SD"of"four"determinations"
"""""""""2"nd:"not"detectedR"
""""""Different"superscript"letters"in"the"same"row"denote"statistical"differences"at"p<0.05."
"
"
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Figure'5.'HPLC&PDA!carotenoid! and!chlorophyll!profiles!of!cyanobacteria!ethanolic!extract! from!(A)!Phormidium)sp.!
LEGE05292,!(B)!Tychonema!sp.!LEGE07196,!(C)!Synechocystis)salina!LEGE06155!and!(D)!Cyanobium)sp.!LEGE07175,!
recorded! at! 450nm.! (1)! Unidentified! ChlorophyllJ! (4,! 10,! 21)! !&carotene! oxygenated! derivativeJ! (5,! 6,! 11,! 12,! 25)!
Unidentified!carotenoidsJ!(8,!16,!17,!20,!22,!24)!Lutein!derivativeJ!(18)!ZeaxanthinJ!(19)!LuteinJ!(23)!CanthaxanthinJ!(26!
and!28)!Chlorophyll!a!derivativeJ!(27)!EchinenoneJ!(29)!Chlorophyll!aJ!(30)!Echinenone!derivative,!(31)!!&carotene!and!
(32)!!&carotene!derivative.!
!
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The!identified!compounds!consisted!in!four!xanthophylls!(zeaxanthin!(peak!18),! lutein!
(peak!19),!canthaxanthin! (peak!23)!and!echinenone! (peak!27))!and!one!carotene! (!&
carotene!(peak!31))!as!well!as!chlorophyll!a!(peak!29).!Eleven!compounds!with!the!same!
UV&Vis!spectra!similar! to!the! identified!carotenoids,!but!at!different! retention! times!as!
those!of!the!standard,!were!also!detected!in!some!samples,!being!labelled!as!derivatives!
(peaks:! 4,! 8,! 10,14,16,17,20&22,! 24! and! 30).! The! same! was! done! for! chlorophyll! a!
derivatives!(peaks:!26!and!28)!(Table'3).!
The! eleven! peaks! displaying! a! UV! spectrum! with! different! maxima! as! those! of! the!
available! standards,! but! characteristic! of! carotenoids,! were! labelled! as! unidentified!
carotenoids!(peaks:!2,!3,!5&7,!9,!11&13,!15!and!25).!One!unidentified!chlorophyll!(peak!
1)!was!detected!in!the!Phormidium)sp.!LEGE05292!strain,!whose!absorption!spectrum!
is!similar!to!chlorophyll!c,!as!previously!identified!by!other!authors![171].!
As!it!can!be!seen!by!the!analysis!of!Table'3,!the!chemical!composition!varied!between!
the!strains.!The!total!carotenoids!concentration!ranged!between!115.93!and!383.89!µg!
g&1!of!dry!biomass.!The!highest! total!carotenoids!content!was! found! in!Synechocystis)
salina!LEGE06099!followed!by!Nodosilinea)nodulosa!LEGE06102!and!Phormidium!sp.!
LEGE05292!(383.89J!358.30!and!213.06!µg!g&1,!respectively)!(p<0.05).!!!
Zeaxanthin! (18)! was! found! in! all! samples! with! the! exception! of! Phormidium) sp.!
LEGE05292,!where!only!an!unidentified!!&carotene!oxygenated!derivative!was! found!
(21)! (Figure' 5).% The! highest! content! of! zeaxanthin! was! registered! in! the! strain!
Synechocystis)salina!LEGE06099! followed!by!Nodosilinea)nodulosa!LEGE06102!and!
Cyanobium) sp.! LEGE06113! (49.82J! 39.41! and! 25.93! µg! g&1,! respectively).! This!
xanthophyll! had!already! been!described! in!other! cyanobacteria! strains:!Patias!et! al.,!
2017! [172]! have! reported! the! occurrence! of! all&trans&zeaxanthin! in! Aphanotece! sp.,!
(103.14! µg! g&1! dry! weight! of! biomass)J! Hashtroudi! et! al.,! 2013! [173]! analyzed! the!
zeaxanthin!content!in!Anabaena)vaginicola!(46.4!µg!g&1)!and!Nostoc!(15.5!µg!g&1).!!
The!content!of!zeaxanthin!of!the!cyanobacteria!analyzed!herein!was!higher!than!those!
of!the!previously!studied!Anabaena!and!Nostoc!strains,!and!lower!than!those!found!for!
Aphanothece.!Besides!the!species&specific!differences,!the!kind!of!solvent!used!in!the!
extraction!procedure!could!have!influenced!the!qualitative!and!quantitative!carotenoids!
profile.!Zeaxanthin!is!a!xanthophyll!which!play!a!role!in!cyanobacteria!photoprotection,!
as!already!described!in!Synechocystis)sp.![123,!125].!In!humans,!zeaxanthin!was!found!
to! reduce! oxidative! damage! in! the! eyes! [174]! and! to! prevent! age&related! macular!
degeneration![175].!!
Lutein!(19)!was!also!identified!in!the!majority!of!the!analyzed!strains,!with!the!exception!
of! Phormidium) sp.! LEGE05292! and! Tychonema) sp.! LEGE07196,! where! only! lutein!
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derivatives! were! found! (16,! 20,! 22! and! 24)! (Figure' 5' A,' B).! In! the! same! way! as!
zeaxanthin,! the! highest! lutein! content! was! also! detected! in! Synechocystis) salina!
LEGE06099,! followed! by! Nodosilinea) nodulosa! LEGE06102! and! Cyanobium) sp.!
LEGE06113!(79.08J!50.25!and!23.38!µg!g&1,!respectively)!(p<0.05).!Amaro!et!al.,!2015!
[161]!have!also!reported!the!occurrence!of!lutein!in!an!ethanolic!extract!of!the!species!
Gloeothece!sp.!(0.822!µg!g&1).!Patias!et!al.,!2017![172]!have!found!10.30!µg!g&1!for!all&
trans&lutein!and!22.99!µg!g&1!for!15&cis&lutein!in!the!species!Aphanothece.!Hashtroudi!et!
al.,!2013! [173]!have! reported!significantly!different!amounts!of! this!compound! for! the!
species!Anabaena!and!Nostoc)(7.7!and!0.8!µg!g&1!respectively).! In!general,! the! lutein!
content!found!in!the!cyanobacteria!analysed!in!the!present!study!ranged!between!13.63!
and!79.08!µg!g&1!which!was!higher!than!the!values!reported!in!literature.!
Previous! studies! have! shown! that! lutein! prevents! cataracts! and! may! be! used! as! a!
supplement! to!maintain!eye!health! [176,! 177].!Katyal! et! al.,! 2013! [117],! reported! the!
antioxidant!effect!of!lutein!in!kidneys!of!rats.!Moreover,!Lee!et!al.,!2004![178],!showed!
that!a!diet!supplementation!containing!lutein!may!decrease!the!generation!of!ROS!in!the!
skin,!protecting!the!epidermis!and!dermal!layers!against!the!deleterious!effects!of!UVs.!
Therefore,!these!reports!have!shown!that!this!natural!pigment!can!be!used!as!an!anti&
aging!therapeutic!agent!in!the!cosmeceutical!industry.!Regarding!strains!Synechocystis)
salina! LEGE06155! and!Cyanobium) sp.! LEGE07175,! no! significant! differences! were!
found!in!terms!of!lutein!content!(18.94!and!19.91!µg!g&1,!respectively)!(Figure'5'C,'D).!!
Canthaxanthin! (23)! was! the! unique! xanthophyll! that! appeared! only! in! two! strains,!
Synechocystis) salina! LEGE06155! (9.96! µg! g&1)! (Figure' 5' C)! and! Tychonema) sp.!
LEGE07196! (37.30! µg! g&1)! (Figure' 5' B),! the! last! being! significantly! richer! in! this!
xanthophyll!(p<0.05).!Patias!et!al.,!2017![172]!have!reported!the!occurrence!of!51.57!µg!
g&1! of! all&trans&canthaxanthin! in! Aphanothece.! Thus,! in! this! study,! the! amount! of!
canthaxanthin! of! Tychonema) sp.! LEGE07196! was! lower! than! that! described! for!
Aphanothece.)Studies!have!shown!that!canthaxanthin!is!an!excellent!carotenoid!that!has!
the!ability!to!induce!apoptosis!in!cancer!cell!lines![179,!180]!and!suppress!skin!papilloma!
[181].!
Regarding!echinenone!(27),!this!carotenoid!was!found!in!six!of!the!eight!strains!included!
in!this!study.!In!the!strain!Phormidium)sp.!LEGE05292!only!a!derivative!was!found!(30)!
(Figure'5'A)!and,! in!Cyanobium!sp.!LEGE06113,!echinenone!was!not!detected.!The!
strain!Synechosystis)salina!LEGE06155!presented! the!highest!content!of!echinenone!
(76.02!µg!g&1)!followed!by!Tychonema)sp.!LEGE07196!(58.25!µg!g&1)!and!Synechosystis)
salina!LEGE06099!(48.37!µg!g&1)!(p<0.05)!(Figure'5'B'and'C).!Patias!et!al.,!2017![172]!
have! reported! the! occurrence! of! echinenone! isomers! in! Aphanothece) (396.44! and!
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200.10!µg!g&1!for!all&trans&echinenone!and!9&cis&echinenone,!respectively)!and!found!a!
higher!amount!than!that!reported!for!the!strains!analyzed!in!this!study.!Punginelli!et!al.,!
2009![182],!have!reported!that!echinenone!is!an!essential!carotenoid!for!the!induction!of!
photoprotection.!Kusama!et!al.,!2015![125],!using!mutants!of!Synechocystis)sp.!deficient!
in!echinenone!and!zeaxanthin,!showed!that!the!absence!of!these!carotenoids!stimulated!
the!production!of!singlet!oxygen!and,!therefore,!they!may!be!involved!in!the!protection!
of!PSII!(a!pigment&protein!complex!that!converts!light!energy!to!chemical!energy)!against!
photoinhibition.!!
Another!important!carotene!is!the!!&carotene!(31).!Several!studies!have!evidenced!the!
relevance!of!!&carotene!as!anticancer,!antidiabetic!and!antioxidant!agent![116,!183&185].!
In!this!work,!Nodosilinea)nodulosa!LEGE06102!presented!the!highest!content!(40.76!µg!
g&1)!in!β&carotene!(p<0.05),!followed!by!Synechocystis)salina!LEGE06155!(22.96!µg!g&1)!
(Table' 3).! This! carotenoid! was! not! detected! in! Synechocystis) salina! LEGE06099!
ethanolic! extract.! In) Phormidium) sp.! LEGE05292,! besides! a! β&carotene! oxygenated!
derivative! (21),! another! derivative! was! found! (32)! (Figure' 5' A,' Table' 3).! The!
cyanobacteria!strain!Oscillatoriales!LEGE07167!presented!only!!&carotene!oxygenated!
derivatives! (4! and! 10).! Amaro! et! al,! 2015! [161]! have! reported! the! occurrence! of! !&
carotene! in! Gloeothece! (0.122! µg! g&1).! Patias! et! al.,! 2017! [172]! have! shown! the!
occurrence! of! all&trans&!&carotene,! 9&cis&!&carotene! and! 13&cis&!&carotene,! (367.82,!
45.74,!17.20!µg!g&1,!respectively)!in!Aphanothece.)In!another!work!by!Hashtroudi!et!al.,!
2013! [173],!Anabaena)vaginicola!presented!all&trans&!&carotene,!9&cis&!&carotene!and!
13&cis&!&carotene,!(7136.5,!600.9!and!394.8!µg!g&1,!respectively)!and!Nostoc!presented!
all&trans&!&carotene,!9&cis&!&carotene!and!13&cis&!&carotene,!(972.5,!154.9!and!93.2!µg!
g&1,! respectively).! Therefore,! comparing! with! Nodosilinea) nodulosa! LEGE06102!
evaluated!by!this!work,!Anabaena)and)Nostoc!presented!higher!values!in!terms!of!!&
carotene!content.!
Amongst! the! pigments! detected! in! all! extracts,! total! chlorophylls! content,! including!
chlorophyll!a!(29),!their!derivatives!(26!and!28)!and!the!unidentified!chlorophyll!(1),!was!
higher!than!those!of!carotenoids.!The!total!chlorophylls!content!ranged!from!595.72!up!
to! 4762.90! µg! g&1,! the! species! with! the! highest! amount! being! Synechocystis) salina!
LEGE06155,!followed!by!Tychonema!sp.!LEGE07196!(3025.52!µg!g&1)!and!Phormidium!
sp.! LEGE05292! (2125.04! µg! g&1)! (p<0.05).! The! lowest! content! was! found! in! the!
Oscillatoriales!LEGE07167!(Table'3).!Regarding!chlorophyll!a,!its!highest!content!was!
found! in! the! strain! Phormidium! sp.! LEGE05292! (1741.99! µg! g&1),! followed! by!
Synechocystis) salina! LEGE06155! (616.85! µg! g&1)! and! Tychonema! sp.! LEGE07196!
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(456.56!µg!g&1)!(p<0.05).!Besides!chlorophyll!a,!their!derivatives!(26!and!28)!were!also!
found!in!considerably!high!amount!(Table'3).!In!addition!to!carotenoids,!several!studies!
have!reported!the!beneficial!effects!of!chlorophylls!as!antioxidant!agents![185&188].!!
To!our!knowledge,!there!are!no!previous!reports!dedicated!to!the!carotenoids!profile!of!
the!cyanobacteria!strains!analysed!herein.)Therefore,!our!study!can!put!some!light!on!
the!potential!of!these!species!to!be!used!in!human!health!and!skin!care.!
'
1.1.2'Total'Phenolic'Content'
'
Phenols!such!as!flavonoids,!phenolic!acids!and!tannins!are!compounds!with!a!key!role!
as!antioxidants,!being!also!described!other!properties!!such!as!anticancer,!antimutagenic!
and!anti&inflammatory!activities![189].!Because!of!the!presence!of!one!or!more!aromatic!
rings! and! hydroxyl! groups! in! their! molecules,! phenols! have! the! ability! to! donate! a!
hydrogen!atom!or!an!electron!to!form!stable!radical!intermediates,!thus!acting!as!good!
natural!antioxidants.!!
The!total!phenolic!content!of!the!ethanol!extract!of!the!eight!cyanobacteria!strains!under!
study!was!determined!by!the!colorimetric!method!of!Folin&Ciocalteu!and!expressed!in!
gallic! acid! equivalents! (GAEs)! (Table' 4).! The!highest! phenolic! content!was! found! in!
Synechocystis)salina!LEGE06099!(2.45!mgGAEg&1)!(p<0.05),! followed!by!Phormidium)
sp.!LEGE05292!(1.52!mgGAEg&1)!and!Cyanobium)sp.!LEGE06113!(1.41!mgGAEg&1).!In!
the! other! cyanobacteria! strains! the! values! ranged! from! 0.92! to! 1.23!mgGAEg&1,! the!
Oscillatoriales!LEGE07167!being!the!species!with!the!lowest!phenolic!amount.!
!
Table'4.!Quantification!of!Total!Phenolic!Content!(TPC)!of!cyanobacterial!extracts!1,2!
Extracts' µg'GAE'mgF1'extract' mg'GAE'gF1'dry'biomass'
Phormidium)sp.!LEGE05292! 28!±!0.6! 1.52!±!0.03!b!
Synechocystis)salina!LEGE06099! 19.02!±!0.98! 2.45!±!0.13%a!
Nodosilinea)nodulosa!LEGE06102! 5.4!±!0.00! 1.23!±!0,00!b,!c,!d!
Cyanobium)sp.!LEGE06113! 6.8!±!0.23! 1.41!±!0.05!b,!c!
Synechocystis)salina!LEGE06155! 14.9!±!0.6! 1.18!±!0.05!c,!d,!e!
Oscillatoriales!LEGE07167! 5.6!±!0.1! 0.92!±!0.02!e!
Cyanobium)sp.!LEGE07175! 7.47!±!0.99! 1.09!±!0.14!d,!e!
Tychonema)sp.!LEGE07196! 11.6!±!0.4! 1.07!±!0.04!d,!e!
1!Expressed!in!gallic!acid!equivalents!(GAE).!
2!Mean±SD!of!three!independent!experiments.!
Different!superscript!letters!denote!statistical!differences!at!p<0.05!(ANOVA,!Tukey!HSD).!
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!!Table!5."Data"for"comparison"of"total"phenols"content"(TPC)"and"EC50"or"IC50"values"toward"radicals"DHHP•"and"O2•B"from"cyanobacteria"extracts."
Cyanobacteria!Strains! Extracts! TPC!mg!GAE!g91! DPPH•!(µg!mL91)!EC50! DPPH•!(µg!mL91)!IC50! O2•9!(µg!mL91)!IC50! ! reference!
Oscillatoria*sp.*(KJ*755069.1)*
Phenolic"extracts"
5" 103.9" "" "" "
[110]"a"
Oscillatoria*sp.*(KJ*755070.1)* 3.9" 92.23" "" "" "
Chroococcidiopsis*thermalis*(KJ755066.1)* 4.32" 99.36" "" "" "
Leptolyngbya*sp.*(KJ755064.1)* 12.6" 67.49" "" "" "
Calothrix*sp.*(KJ755062.1)* 12.4" 69.38" "" "" "
Nostoc*sp.*(KJ755063.1)* 10.32" 78.51" "" "" "
Oscillatoria*sp.*(KJ690262.1)* 4.0" 119.6" "" "" "
Phormidium*sp.*(KJ755065.1)* 8.5" 83.08" "" "" "
Synechocystis*sp.*(BASO444)*
Methanolic"extracts"
66.0" "" 54.59" "" "
[111]"b"
Synechocystis*sp.*(BASO673)* 78.1" "" 56.79" "" "
Synechocystis*sp.*(BASO670)* 43.4" "" 65.16" "" "
Leptolyngbya*sp.*(BASO704)* 26.6" "" 212.04" "" "
Leptolyngbya*sp.*(BASO700)* 58.5" "" 69.05" "" "
Oscillatoria*sp.*(BASO703)* 50.5" "" 78.43" "" "
Anabaena*flosLaquae*FACHB*245*
Hexane"extracts""
5.48" "" "" "" "
[190]"a""
Nostoc*ellipsosporum*CCAP*1453/11* 5.14" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/16* 3.43" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/17* 39.87" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/19* 2.68" "" "" "" "
Synechococcus*sp.*FACHB*283* 2.12" "" "" "" "
Anabaena*flosLaquae*FACHB*245*
Ethyl"acetate"extracts"
2.99" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/11* 3.12" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/16* 1.57" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/17* 9.8" "" "" "" "
Nostoc*ellipsosporum*CCAP*1453/19* 2.7" "" "" "" "
Synechococcus*sp.*FACHB*283* 5.64" "" "" "" "
Nostoc*sp.*
Ethanolic"extracts"
"" "" 102.47" "" "
[112]"
Anabaena"sp.* "" "" 50.54" "" "
Calothrix*sp.* "" "" 30.72" "" "
Oscillatoria"sp.* "" "" 93.47" "" "
Phormidium*sp.* "" "" 47.62" "" "
Gloeothece*sp*
Ethanol"" "" "" 629" 247" "
[161]""Acetone"" "" "" 850" 1394" "
Hexane"c" "" "" "" 1183" "
Cyanosarcina*sp.*SK40*
CellBfree"extracts"
1.88" "" "" "" "
[126]"a"Phormidium*sp.*PD40L1* 5.43" "" "" "" "Scytonema*sp.*TP40* 2.75" "" "" "" "
Leptolyngbya*sp.*KC45* 6.24" "" "" "" "
Oscillatoria*sp.*
CellBfree"extracts"
2.96" "" "" "" "
[131]"a"Lyngbya*sp.* 5.02" "" "" "" "Microcystis*sp.* 2.65" "" "" "" "
Spirulina*sp.* 1.78" "" "" "" "
Anabaena*variabilis*var.*ellipsospora*
Exopolymers"
"" "" "" 574" "
[191]"Anabaena*anomala* "" "" "" 612" "Anabaena*oryzae* "" "" "" 532" "
Tolypothrix*tenuis* "" "" "" 664" "
a*L*TPC"expressed"as"mg"GAE"gB1"dry"weigth.* * * " " " "
b"B"TPC"expressed"as"mg"GAE"gB1"of"the"extract." " " " " " "
c$%$Hexane"isopropalnol"(3:2)*v/v*$ $ " " " " " "
!
!
Studies(concerning(the(phenolic(content(of(cyanobacteria(were(mainly(performed(with(
filamentous(freshwater(and(terrestrial(forms(such(as(forms(from(the(genera(Anabaena,(
Lyngbya,(Nostoc,(Oscillatoria(and(Spirulina([110,(131,(169,(190,(192],(which(are(genera(
that(are(able(to(growth(in(large(densities(and(are(exposed(to(stress(conditions(such(as(
desiccation(and(high( temperatures.(Examples(of(studies(are(presented( in(Table&5( for(
comparison.( HuaDBin( Li( et( al.,( 2007( [190]( studied( an( hexane( extract( of( Nostoc5
ellipsosporum(and(found(a(total(content(in(phenols(of(39.87(mgGAEgD1.(Also(Ijaz(et(al.,(
2016([110],(who(evaluated(three(strains(of(Oscillatoria5sp.(regarding(total(phenols,(found(
a(higher(TPC((from(3.9(to(5.0(mgGAEgD1)(than(those(obtained(in(the(present(study(for(
the((Oscillatoriales(LEGE07167((0.92(mgGAEgD1),(which(was(the(strain(that(showed(the(
lowest(TPC(value(as(well(as(the(cell(viability.(Another(work(by(Hossain(et(al.,(2016([131](
was(found(a(concentration(of(TPC(of((2.96(mgGAEgD1(to(a(Oscillatoria5sp.(strain(.(Another(
strain(analyzed(by( ljaz(et(al.,(2016([110](was(Phormidium5sp.(which(showed(a(higher(
TPC(value((8.5(mgGAEgD1)(when(compared(to(Phormidium5sp.(LEGE05292((1.52(mg(
GAEgD1).(Pumas,(et(al.,(2011([126],(who(explored(cellDfree(extracts(of(Phormidium5sp.(
also(found(a(higher(value((5.43(mgGAEgD1)((Table&5).((
A(study(by(Babaoglu(Aydas(et(al.,(2013([111](reported(a(total(phenols(content(of(78.1(
ugGAEmgD1,(resulting(from(a(methanolic(extract(of(Synechocystis5sp.X(in(this(study(the(
result(obtained(for(a(species(of(the(same(genera(was(lower((19.02(ugGAEmgD1),(what(
can(be,(at(least(in(part,(justified(by(the(kind(of(solvent(used(in(the(extraction((ethanol)(
(Table&4(and&5).((
In( this( work,( even( though( Synechocystis5 sp.( LEGE06155( and( Synechocystis5 sp.(
LEGE06099(belong(to(the(same(genera(and(were(subjected(to(similar(culture(conditions,(
the(TPC(of(the(first(one(was(significantly(lower(than(those(of(the(last((1.18mgGAEgD1(and(
2.45(mg(GAEgD1,( respectively)( as(well(as( for( zeaxanthin,( lutein(and( total( carotenoids(
content((p<0.05).(((Likewise,(this(was(observed(for(the(genus(Cyanobium,(represented(
by( the( strains( Cyanobium5 sp.( LEGE07175( (1.09( mgGAEmLD1)( and( Cyanobium5 sp.(
LEGE06113( (1.41( mgGAEmLD1),( also( significantly( different( (p<0.05)( regarding( TPC.(
According( to( Stengel( et( al.,( 2011( [45],( the( survival( of( microalgae( depends( on( their(
chemical(variability(that(is(influenced(by(local(environmental(conditions.(Thus,(and(once(
the(environment(to(which(cyanobacteria(cells(are(exposed(can(influence(their(genetic(
information,(it(is(possible(that(strains(of(the(same(genera(belonging(to(different(habitats(
may( present( distinct( biochemical( profiles.( In( fact,( the( strain( Synechocystis5 sp.(
LEGE06099(is(originated(from(an(intertidal(zone,(while(Synechocystis5sp.(LEGE06155(
was(isolated(from(a(rock(surface,(what(can(be(an(explanation(for(the(differences(found(
in( the(production(of(phenols(by( these(species.(Similarly,( this( issue(can(be(applied( to(
carotenoids( and( chlorophylls,( where( a( different( behavior( was( also( observed,( since(
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Synechocystis5sp.(LEGE06099(is(richer(in(carotenoids(and(poorer(in(chlorophylls(than(
Synechocystis5sp.(LEGE06155.(However,(genetic(studies(among(similar(strains(should(
be(performed(to(better(understand(the(genes(involved(in(the(production(of(phenols.(
(
Considering(strains(of(the(genera(Cyanobium,(Nodosilinea(and(Tychonema,(to(the(better(
of( our( knowledge( there( are( no( previous( reports( regarding( the( TPC( content( in( these(
genera.( In( this( study,( Cyanobium5 sp.( LEGE06113( and( Cyanobium5 sp.( LEGE07175(
exhibited( 1.41( and( 1.09( mgGAEgD1,( respectively.( As( already( described( for( the(
Synechocystis(strains,(also(the(different(environmental(conditions(from(where(the(strains(
were( originated( may( influenced( the( production( of( phenolic( compounds.( ( The( strain(
Cyanobium( sp.( LEGE06113( was( collected( from( an( intertidal( subtract( being( thus(
subjected( to( variations( of( the( environmental( conditions( such( as( dry( and( submerged(
cycles.(The(higher(exposition(to(sunlight(may(have(led(to(increased(production(capacity(
of(protective(compounds(such(as(phenolic(compounds.(The(TPC(content(of(the(studied(
strains,(when(compared(to(other(organisms(like(green(macroalgae(was(lower([193,(194].(
This(finding(may(be(due(to(the(fact(that(the(biomass(used(in(the(procedure(was(obtained(
from( laboratory( cultures,( which( under( optimal( growth( conditions( may( result( in( the(
production(of(a(smaller(amount(of(compounds.(In(these(case(cyanobacteria(can(be(an(
interesting(source(of(these(compounds(once(we(can(manipulate(the(culture(conditions(in(
order(to(increase(the(production(of(interesting(compounds.(Singh(et(al.,(2014([195](have(
uncovered( an( induced( accumulation( of( phenolic( acids( (such( as( gallic,( caffeic,(
chlorogenic,( ferulic(and(vanillic(acids)(and(flavonoids((rutin(and(quercetine)( in(several(
species(of(cyanobacteria(under(salt(stress(conditions(and(their(positive(correlation(with(
the( antioxidant( activity.( ( Also,( Kumar( et( al.,( 2015( [196]( have( demonstrated( that( low(
fluence(rate(of(UVDB(radiation(in(cyanobacteria(may(be(used(as(an(efficient(technology(
for(the(production(of(natural(ingredients(such(as(antioxidants,(photosynthetic(pigments(
and( phenolic( contents( with( cosmeceutical( application.( Those( works( highlight( the(
possibility(to(increase(the(production(of(compounds(by(manipulation(of(culture(conditions.(
(
(
(
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1.2& Cytotoxicity&assay&
&
The(MTT(assay(is(a(widely(used(cell(viability(assay(as(it(reflects(the(number(of(viable(
cells(and,(indirectly,(cell(proliferation.(Although(the(main(objective(was(to(evaluate(the(
effects( of( extracts( of( cyanobacteria( on( human( skin( due( to( logistical( issues,( mouse(
fibroblasts(and(brain(barrier(endothelial(cells(were(used.(
For(the(cytotoxicity(assays,(the(three(cell(lines,(keratinocytes,(fibroblasts(and(endothelial(
(HaCat,(3T3L1(and(hCMEC/D3,( respectively)(were(exposed( to(70%(ethanolic(extract(
from(the(eight(cyanobacteria(strains(studied(in(this(work(at(six(different(concentrations(of(
100μg(mLD1X(75μg(mLD1X(50μg(/(mLD1X(25μg(mLD1X(12.5μg(mLD1(and(6μg(mL(D1(and(exposure(
times(of(24(and(48(hours.(
The(results(obtained(with(the(MTT(assay(are(summarized(in(Tables&6&to&8(and(in(Figures&
6&to&13.(The(values(presented(are(means(of(the(three(independent(tests(performed.(For(
each( cell( line,( strains( were( included( in( four( different( classes( established( based( on(
percentages(of(cell(viability,(from(the(highest((>(100%)(to(the(lowest((<70%).(
The( results(showed(both(an( increase(and(a( reduction( in(cell(viability(of( the(three(cell(
lines.( A( higher( percentage( of( cell( viability( compared( to( the( control( was( observed( for(
strains( Synechocystis5 salina( LEGE06099X( Nodosilinea5 nodulosa( LEGE06102,(
Cyanobium5 sp.5 LEGE06113,( Synechocystis5 salina( LEGE06155,( Cyanobium5 sp.(
LEGE07175(and(Tychonema5sp.(LEGE07196(which(showed(an(increase(in(cell(viability(
with( the(exposure( time( (Figures&7>10,&12&and&13),(while,( for( the(endothelial(cell( line,(
Tychonema5sp.(LEGE07196(remained(stable(with(no(significant( increase(after(24(and(
48h(exposure(with(an(average(of(90%(to(100%(cell(viability(throughout(the(assay((Figure&
13&C).(
(
(
(
(
(
(
( (
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Figure&6.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Phormidium(sp.(LEGE05292(ethanolic(extract(concentrations.(Solvent(control(consisted(in(1%(DMSO(in(cell(culture(medium.(
Values(are(expressed(as(mean(±(SD,(n=3.&
Figure&7.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Synechocystis5salina.(LEGE06099(ethanolic(extract(concentrations.(Solvent(control(consisted(in(1%(DMSO( in(cell(culture(
medium.(Values(are(expressed(as(mean(±(SD,(n=3(
&
Figure&8.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Nodosilinea5nodulosa.( LEGE0102(ethanolic(extract(concentrations.(Solvent(control(consisted( in(1%(DMSO( in(cell(culture(
medium.(Values(are(expressed(as(mean(±(SD,(n=3(
Figure&9.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Cyanobium(sp.(LEGE06113(ethanolic(extract(concentrations.(Solvent(control(consisted(in(1%(DMSO(in(cell(culture(medium.(
Values(are(expressed(as(mean(±(SD,(n=3(
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Figure&10.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Synechocystis5salina(LEGE06155( ethanolic(extract(concentrations.(Solvent(control(consisted( in(1%(DMSO( in(cell(culture(
medium.(Values(are(expressed(as(mean(±(SD,(n=3(
Figure&11.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Oscillatoriales(LEGE07167(ethanolic(extract(concentrations.(Solvent(control(consisted(in(1%(DMSO(in(cell(culture(medium.(
Values(are(expressed(as(mean(±(SD,(n=3(
(
Figure&12.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Cyanobium(sp.(LEGE07175(ethanolic(extract(concentrations.(Solvent(control(consisted(in(1%(DMSO(in(cell(culture(medium.(
Values(are(expressed(as(mean(±(SD,(n=3(
Figure&13.(Cell(viability(of(keratinocytes((HaCat)((A),(fibroblasts((3T3L1)((B)(and(endothelial((hCMEC/D3)((C)(cell(lines(exposed(
to(Tychonema(sp.(LEGE07196(ethanolic(extract(concentrations.(Solvent(control(consisted(in(1%(DMSO(in(cell(culture(medium.(
Values(are(expressed(as(mean(±(SD,(n=3(
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The(highest(percentage(of( cell( viability(was(observed( for( strain(Synechocystis5 salina(
LEGE06155,(in(particular(in(fibroblasts,(which(obtained(a(percentage(of(cell(viability(up(
to( 150%( at( concentration( 100μg( mLD1,( 145%( at( concentration( 75μg( mLD1,( 130%( at(
concentration(50μg(mLD1(and(then( followed(up(with(the(average(of(100%( in( the( lower(
concentrations((Figure&10&B).(An(increase(in(cell(viability(was(also(observed(for(strain(
Cyanobium5sp.((LEGE07175(which(obtained(up(to(130%(cell(viability(at(concentration(
100μg( mLD1( when( exposed( in( fibroblasts( (Figure& 12& B).( Besides,( the( strains(
Synechocystis5 salina( LEGE06099( and(Cyanobium5 sp.5 LEGE06113( presented( up( to(
110%(of(cell(viability(in(the(fibroblasts(only(at(concentration(100μg(mLD1((Figure&7&B&and&
9&B).(
The(strains(that(induced(reduction(on(cell(viability(were(Oscillatoriales(LEGE07167,(at(
extracts(concentrations(of(100(μg(mLD1,(75(μg(mLD1,(50(μg(mLD1and(25(μg(mLD1( in( the(
three( cell( lines( (Figure& 11)X( and( Phormidium5 sp.( LEGE05292,( particularly( at(
concentration(100(μg(mLD1(in(keratinocytes(and(at(concentrations(100(μg(mLD1(and(75(μg(
mLD1(in(fibroblasts,(with(no(reduction(viability(in(the(endothelial((Figure&6&A&and&B).(
It(was(observed(that(the(strain(Oscillatoriales(LEGE07167(not(only(caused(a(reduction(
in(viability(but(also(stimulated(a(higher(toxicity(after(48h(of(exposure(compared(to(the(
results(of(24h.(The(average(percentage(of(cell(viability(in(keratinocytes(at(concentration(
100(μg(mLD1(was(only(53%(and(27.4%(after(24(and(48h,(respectivelyX(at(concentration(
75(μg(mLD1(was(60.4%(and(28.6%X(at(concentration(50(μg(mLD1(was(78.2%(and(34.9%(
and(then,(at(concentration(25(μg(mLD1,(a(more(evident(recovery(in(cell(viability(occurred,(
reaching( more( than( 80%( and( 73.3%( after( 24( and( 48h( exposure,( respectivelyX( and(
concentrations(12.5(μg(mLD1(and(6.0(μg(mLD1(reached(percentages(above(80%(at(both(
exposures((Figure&11&A).((
The(cytotoxic(effect(was(also(observed(in(the(fibroblasts,(although(in(a(less(extent.(The(
average(percentage(of(cell(viability(at(concentration(100μg(mLD1(was(68%(and(45%(after(
24(and(48h,(respectivelyX(at(concentration(75μg(mLD1was(63%(and(48%X(at(concentration(
50μg(mLD1(was(66.5%(and(48%(and(at(concentration(25%μg(mLD1(was(72%(and(49%,(
with( a( recovery( of( viability( at( lower( concentrations( (Figure& 11& B).( Therefore,( at(
concentrations(of(100μg(mLD1,(75μg(mLD1,(50μg(mLD1(and(25μg(mLD1(the(percentages(of(
viability(remained(below(70%(after(24(hours(and(around(48%(after(48(hours(of(exposure(
with(a(recovery(above(80%(from(the(concentration(12.5μg(mLD1.(
Considering(the(endothelial(cells,(the(cytotoxic(effects(were(less(pronounced((Figure&11&
C).(In(this(cell(line,(at(a(concentration(of(100μg(mLD1(the(viability(was(72.6%(and(61.4%(
after(24(and(48h,( respectivelyX(at(concentration(75μg(mLD1(was(74.5%(and(62.4%X(at(
concentration(50μg(mLD1(was(76.8%(and(68%(and(at(concentration(25μg(mLD1(was(74.4%(
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only( after( 48( hours( exposure.( With( an( improvement( above( 80%( in( the( lower(
concentrations((Tables&6>8).(
In(relation(to(the(strain(Phormidium5sp.(LEGE(05292,(only(a(reduction(of(cell(viability(at(
concentration(100μg(mLD1(was(observed(in(keratinocytes,(with(a(mean(of(68%(and(54.5%(
after(24(and(48h(of(exposure((Figure&6&A).(From(concentration(75μg(mLD1(an(increase(
on(cell(viability(was(observed(with(a(mean(above(80%(for(both(exposures.(In(fibroblasts,(
the(extract(also( induced(a(reduction(on(cell(viability,(where(the(mean(at(concentration(
100μg(mLD1(was(35.5%(and(55%(after(24(and(48h,(respectivelyX(at(concentration(75μg(
mLD1( the(mean( was( 55%( after( 24h( with( an( increase( to( 86%( after( 48h.( And( evident(
recovery(at(lower(concentrations((Figure&6&B).(No(cytotoxic(effect(was(observed(on(the(
endothelial(cells(and(the(mean(cell(viability(was(above(80%(at(all(concentrations((Figure&
6&C)((Table&6>8).((
(
Table&6.(Summary(of( cell( viability(data( from( the(MTT( (3D(4,5DdimethylthiazolD2Dyl)D2,5Ddi(phenyl( tetrazolium(
bromide)(assay,(after(exposure(to(cyanobacterial(70%(ethanolic(extracts( in(HaCat(cells(at(100µg(mLD1,75µg(
mLD1,(50µg(mLD1,(25µg(mLD1,(12,5µg(mLD1(and(6µg(mLD1(after(24(and(48h.(+++(indicates(viability(higher(than(
100%X(++(indicates(viability(80D100%X(+(indicates(viability(70D80%X(D(indicates(viability(lower(than(70%.(
Strains&
HaCat&
100&µg&mL>1& 75&µg&mL>1& 50&µg&mL>1& 25&µg&mL>1& 12.5&µg&mL>1& 6.0&µg&mL>1&
24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h&
Phormidium5sp.(
LEGE(05292( +( D( ++( ++( ++( ++( ++( ++( ++( ++( ++( +++(
Synechocystis5salina(
LEGE(06099( ++( ++( ++( ++( ++( ++( +++( ++( +++( +++( +++( ++(
Nodosilinea5nodulosa(
LEGE(06102( ++( ++! ++! ++! ++! ++! +++! +++! +++( +++( +++( +++(
Cyanobium5sp.(
LEGE(06113( ++( ++! +++! +++! +++! +++! +++! +++! +++! +++! +++( +++(
Synechocystis5salina(
LEGE(06155( +++( +++( +++( +++( +++( +++( +++( +++( ++( +++( ++( +++(
Oscillatoriales(
LEGE(07167( D( D( D( D( +( D( +++( +( +++( ++( +++( +++(
Cyanobium5sp.(
LEGE(07175( +++( +++! +++! +++! +++! +++! +++! +++! +++! +++! +++! +++!
Tychonema5sp.(
LEGE(07196( +++( +++! +++! +++! +++! +++! +++! +++! +++! +++! +++! +++!
(
(
(
(
(
(
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Table&7.(Summary(of(cell(viability(data(from(the(MTT((3D(4,5DdimethylthiazolD2Dyl)D2,5Ddi(phenyl(tetrazolium(bromide)(
assay,(after(exposure(to(cyanobacterial(70%(ethanolic(extracts(in(3T3L1(cells(at(100µg(mLD1,75µg(mLD1,(50µg(mLD1,(
25µg(mLD1,(12,5µg(mLD1(and(6µg(mLD1((after(24(and(48h.(+++(indicates(viability(higher(than(100%X(++(indicates(viability(
80D100%X(+(indicates(viability(70D80%X(D(indicates(viability(lower(than(70%.((
Strains&
3T3L1&
100&µg&mL>1& 75&µg&mL>1& 50&µg&mL>1& 25&µg&mL>1& 12.5&µg&mL>1& 6.0&µg&mL>1&
24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h&
Phormidium5sp.(
LEGE(05292( D( +( +( +++( ++( +++( +++( +++( +++( +++( +++( +++(
Synechocystis5salina(
LEGE(06099( ++( +++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++(
Nodosilinea5nodulosa(
LEGE(06102( ++( ++( +++( ++( +++( +++( +++( +++( +++( +++( +++( +++(
Cyanobium5sp.(
LEGE(06113( ++( ++! ++! ++! ++! ++! ++! ++! ++! ++! ++! ++!
Synechocystis5salina(
LEGE(06155( +++( +++( +++! +++! +++! +++! +++! +++! +++! +++! +++! +++(
Oscillatoriales(
LEGE(07167( D( D( D( D( D( D( +( D( ++( ++( +++( +++(
Cyanobium5sp.(
LEGE(07175( +++( +++! +++! +++! +++! +++! ++! ++! +++! ++! ++! ++!
Tychonema5sp.(
LEGE(07196( +++( +++( +++( +++( +++( +++( +++( +++( +++( +++( +++( +++(
&
&
Table&8.(Summary(of(cell(viability(data(from(the(MTT((3D(4,5DdimethylthiazolD2Dyl)D2,5Ddiphenyl(tetrazolium(bromide)(
assays,(after(exposure(to(cyanobacterial(70%(ethanolic(extracts(in(hCMEC/D3(cells(at(100µg(mLD1,75µg(mLD1,(50µg(
mLD1,(25µg(mLD1,(12,5µg(mLD1(and(6µg(mLD1(after(24(and(48h.(+++(indicates(viability(higher(than(100%X(++(indicates(
viability(80D100%X(+(indicates(viability(70D80%X(D(indicates(viability(lower(than(70%.(
Strains&
hCMEC/D3&
100&µg&mL>1& 75&µg&mL>1& 50&µg&mL>1& 25&µg&mL>1& 12.5&µg&mL>1& 6.0&µg&mL>1&
24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h& 24h& 48h&
Phormidium5sp.(
LEGE(05292( ++( +++( ++( +++( ++( +++( ++( +++( +++( +++( +++( +++(
Synechocystis5salina(
LEGE(06099( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++(
Nodosilinea5nodulosa(
LEGE(06102( ++( ++( ++( +++( ++( ++( ++( ++( ++( +++( +++( +++(
Cyanobium5sp.(
LEGE(06113( ++( +++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++(
Synechocystis5salina(
LEGE(06155( +++( +++( +++( +++( +++( +++( +++( +++( +++( +++( +++( +++(
Oscillatoriales(
LEGE(07167( +( D( +( D( +( D( ++( D( ++( ++( ++( ++(
Cyanobium5sp.(
LEGE(07175( +++( +++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++(
Tychonema5sp.(
LEGE(07196( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++( ++(
!
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Epidermis,( the( superficial( layer(of( the( integument( system( responsible( for( the(primary(
defense(against(UV(radiation,(consists(in(several(layers(of(keratinocytes([53].(To(protect(
against( exogenous( and( endogenous( factors,( the( skin( promotes( physiological(
regenerative( events( including( the( proliferation( of( keratinocytes,( leading( to( epidermal(
thickening([197].(According(to(the(Figures&10&A&and&13&A,(the(increase(in(cell(viability(at(
concentrations( 100µg(mLD1(and( 75µg(mLD1( observed( by( strains(Synechocystis5 salina(
LEGE06155(and(Tychonema5sp.(LEGE07196(after(48h(exposure(shows(that(strains(of(
cyanobacteria(included(in(this(study(may(be(interesting(for(the(isolation(of(compounds(
that(induce(keratinocyte(proliferation.(
(
The( proliferation( of( fibroblasts( and( the( increase( of( the( antioxidant( potential( are(
mechanisms(that(lead(to(delayed(aging(of(the(skin([52].(Fibroblasts(produce(important(
skin(components,(such(as(collagen(and(hyaluronic(acid,(providing(firmness,(regeneration(
and(elasticity(to(the(skin,(being(targets(of(cosmetic(compounds([137].(The(increase(in(
cell(viability(in(fibroblasts(observed(after(48h(of(exposure(by(strain(Synechocystis5salina(
LEGE06155(at(concentrations(100µg(mLD1,(75µg(mLD1(and(50µg(mLD1((with(150%,(145%(
and(130%(cell(viability,(respectively)(and(also(by(strains(Cyanobium5sp.(LEGE07175(at(
concentration( 100( µg( mLD1( (up( to( 130%)( and( Cyanobium5 sp.( LEGE06113( and(
Synechocystis5salina(LEGE06099(at(concentration(100µg(mLD1((both(up(to(110%)(reveals(
that,( in( particular,( strains( Synechocystis5 salina( LEGE06155( and( Cyanobium( sp.(
LEGE07175(appear( to(provide(stimulation(of( fibroblast(growth( (Figure&10&and&12&B).(
However,( further( studies( with( other( cell( viability( assays( will( be( important( in( order( to(
confirm(the(induction(of(cell(proliferation(by(these(strains.((
The(importance(of(performing(cell(viability(assays(with(endothelial(lines(is(to(avoid(the(
use(of(compounds( in(cosmetic( treatments( that(can( induce( lesions( in( the(endothelium(
since( the( vascularization( of( the( skin( regulates( the( blood( supply( necessary( for( the(
physiology( and( regeneration( of( the( skin,( being( its( deregulations( the(basis( of( several(
human(diseases([198].(
For(endothelial(cells,(Oscillatoriales(LEGE07167(and(Phormidium5sp.(LEGE05292(were(
the(strains(which(shown(significant(reduction(on(cell(viability.(
In(the(case(of(the(strain(Oscillatoriales(LEGE07167,(although(after(24h(at(concentration(
100µg(mLD1,(there(was(a(reduction(of(cell(viability(in(the(three(cell(lines,(the(most(evident(
reduction(on(cell(viability(occurred(after(48h(of(exposure,(which(presented(27.4%,(45%(
and(61%(cell(viability(in(the(keratinocytes,(fibroblasts(and(endothelial(cells,(respectively(
(Figure&11)((table&6>8).(The(cell(viability(was(still(below(50%(at(concentration(75µg(mLD
1(in(keratinocytes(and(fibroblasts(and(less(than(70%(in(the(endothelial(cells.( It(can(be(
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observed(that(only(at(concentrations(12.5µg(mLD1(and(6.0µg(mLD1(was(reached(more(than(
80%(of(cell(viability(in(the(three(lines.(Therefore,(the(strain(Oscillatoriales(LEGE07167(
may( be( considered( cytotoxic( for( use( in( cosmetics,( unless( tests( are( performed( with(
concentrations(below(12.5µg(mLD1.(For(strain(Phormidium5sp.(LEGE05292(was(shown(
cytotoxicity,(however,(only(at(concentration(100µg(mLD1(in(keratinocytes(and(fibroblasts(
after( 24h( (68%( and( 35.5%,( respectively)( and( 48h( exposition( (54.5%( and( 55%,(
respectively)( and( afterwards( obtained( a( noticeably( recovery( on( cell( viability( at(
concentration(75µg(mLD1(and( remained(similar(at( the( lower(concentrations( (more(than(
100%(of( cell( viability)( (Figure& 6&A& and&B).(And(no( cytotoxic(effect(was( recorded( on(
endothelial(cells((Figure&6&C).(Thus,(strain(Phormidium5sp.(LEGE05292(at(concentration(
6.0µg( mLD1,( especially( in( fibroblasts,( may( be( used( for( isolation( of( compounds( that(
stimulate(cell(growth(since(the(percentage(of(viability(was(above(than(100%.(On(the(other(
hand,(Synechocystis5salina(LEGE06155(and(also(Cyanobium5sp.(LEGE07175(showed(
a(considerable( increase( in(cell(viability( from(50µg(mLD1(concentration.(Therefore,( their(
compounds(should(be(isolated(and(studied(in(the(future(as(good(candidates(that(promote(
the(activity(of(fibroblasts(in(function(such(as(the(production(of(collagen.(
(
&
1.3& Antioxidant&assays&
&
1.3.1&DPPH•&scavenging&activity&
&
The(DPPH•(scavenging(assay(is(based(on(the(reduction(of(stable(DPPH•,(by(its(ability(to(
accept(an(electron(or(an(azote(atom(and(thus,(becoming(a(nonDradical(species,(in(the(
presence(of(molecules(with(radical(scavenging(activity.(The(DPPH•(is(a(simple,(sensitive(
and(economic(method( that(has(been(widely(used( to(evaluate( free( radical(scavenging(
activity(of(phenolic(compounds(and(consequently,(to(determine(the(potential(antioxidant(
activity( of( phenolDcontaining(extracts.(This( is(a( colorimetric( assay,( read(at(515nm,( in(
which(the(color(of(the(DPPH•(solution(changes(from(purple(to(yellow(when(antioxidant(
activity(occurs([199].(
The(results(of(DPPH•(scavenging(activity((%)(for(cyanobacteria(ethanolic(extracts(are(
present(in(Figure&14.(The(IC(values(for(DPPH•(scavenging(activity(are(shown(in(Table&
9.(
(
(
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(
(
Figure&14.(DPPH•(scavenging(activity(of(70%(ethanolic(extracts(from(Synechocystis5salina(LEGE06099,(Nodosilinea5nodulosa(
LEGE06102,(Synechocystis5salina(LEGE06155,(Cyanobium5sp.5LEGE07175(and(Tychonema5sp.( LEGE07196.(Values( are(
expressed(as(mean(±(SD,(n=3.(
(
(
Table&9.(The(inhibitory(concentration((IC)(values((µg(mLD1)(obtained(for(the(antioxidant(
activity( of( eight( cyanobacteria( ethanolic( extracts( for( DPPH•( and( O2•D& scavenging(
assays.1,2(
Strains& DPPH
•&(µg&mL>1)& O2•>&(µg&mL>1)&
IC10& IC25& IC50& IC10& IC25& IC50&
Phormidium5sp.(
LEGE05292(
(
nd( nd( nd( 507.26(
±0.01(b(
626.54(
±0.02(ª,(b(
822.70(
±0.06(b(
Synechocystis5
salina(
LEGE06099(
229.04(
±0.04(d(
481.96(
±0.09(b(
863.82(
±0.17(
1183.33(
±0.31(a( nd( nd(
Nodosilinea5
nodulosa(
LEGE06102(
367.88(
±0.07(c,(d(
764.14(
±0.16(a,(b(
1077.59(
±0.03( nd( nd( nd(
Cyanobium5sp.(
LEGE06113(
(
nd( nd( nd( nd( nd( nd(
Synechocystis5
salina(
LEGE06155(
443.95(
±0.07(c(
929.76(
±0.12(a( nd(
511.08(
±0.06(b(
756.42(
±0.74(a(
1275.86(
±0.07(a(
Oscillatoriales(
LEGE07167(
(
nd( nd( nd( nd( nd( nd(
Cyanobium5sp.(
LEGE07175(
(
710.58(
±0.02(b( nd( nd( nd( nd( nd(
Tychonema5sp.(
LEGE07196(
(
967.50(
±0.19(a( nd( nd(
394.46(
±0.05(b(
555.54(
±0.09(b(
924.21(
±0.07(b(
1.(Mean±SD(of(three(independent(experiments(
2.(nd:(not(determined.(
Different(superscript(letters(in(the(same(column(denote(statistical(differences(at(p<0.05(
(
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The( highest( DPPH•( scavenging( activity( was( observed( for( Synechocystis5 salina(
LEGE06099( (IC50=( 863.82( µg( mLD1)( followed( by( Nodosilinea5 nodulosa( LEGE06102(
(IC50=(1077.59(µg(mLD1).(Synechocystis5salina(LEGE06099(was(the(strain(that(showed(
the(highest(value(for(TPC((2.45(mgGAEgD1)&(Table&9).(Similarly,(Synechocystis5salina(
LEGE06099(was(the(richest(strain( in(total(carotenoids(content,(zeaxanthin(and(lutein,(
followed(by(Nodosilinea5nodulosa(LEGE06102.(
Despite(its(TPC(of(1.52(mgGAEgD1,(Phormidium5sp.(LEGE05292(did(not(show(any(DPPH•(
scavenging(capacity((Table&9).(The(lowest(antioxidant(activities(were(observed(by(strains(
Cyanobium5sp.(LEGE07175( (IC10=(710.58(µg(mLD1)( and(Tychonema5sp.(LEGE07196(
(IC10=(967.50(µg(mLD1)((Figure&14).(According(to(the(statistical(analyzes(performed(in(
this( study,( a( significant( negative( correlation( was( found( between( TPC( and( DPPH•(
scavenging(activities( in(terms(of(IC50((D0.959,(p<0.05).(The(same(statistical(result(was(
reported(by(Ijaz(et(al.,(2016([110],(Singh(et(al.(2014([195],(and(Singh(et(al.,(2017([169].(
However,(other(studies(seem(to(be(controversialX(for(example,(Li(et(al.,(2007([190](and(
Hajimahmoodi(et(al.,(2009([200],(reported(a(weak(correlation(between(the(antioxidant(
capacity(and(TPC.(Consequently,(all(these(reports(may(explain(that(crude(extracts(can(
not(only(provide(carotenoids(and(phenols,(but(a(complex(mixture(of(compounds(that(may(
also(have(antioxidant(function(such(as(fatty(acids,(exopolymers(and(phycocyanin([112](
[191].(
Although( IC50( values( for(Synechocystis5 salina( LEGE06099(and(Nodosilinia5nodulosa(
LEGE06102(were(found(in(this(study,(these(IC50(were(not(as(low(as(those(reported(in(
previous(studies.((Babaoglu(Aydas(et(al.,(2013([111](reported(that(methanolic(extracts(of(
Scynechocystis5 sp.( BASO444,( Scynechosystis5 sp.( BASO673,( Scynechocystis5 sp.(
BASO670(and(Oscillatoria5sp.(BASO703(revealed(IC50(values(of(54.59X(56.79X(65.16(and(
78.43(µg(mLD1,(respectively.(The(DPPH•(scavenging(reported(by(Babic(et(al.,(2015([112](
using( cyanobacteria( ethanolic( extracts( showed( IC50( of( 47.62( and( 93.47( µg( mLD1( for5
Phormidium5sp.(and(Oscillatoria5sp.,(respectively.(Ijaz(et(al.,(2015([110](found(values(of(
83.08( µg( mLD1( for( phenolic( extracts( of( Phormidium5 sp.( and( of( 92.23( µg( mLD1( for(
Oscillatoria5sp.((Table&5).(Despite(speciesDspecific(factors,(this(can(be(explained,(at(least(
in( part,( by( the( solvents( used( in( extracts( preparationX( different( polarities( lead( to( the(
extraction(of(different(compounds,(and(thus(to(a(different(matrix(effect(that(can(affect(the(
bioavailability( of( the( phytochemicals( [201].( Indeed,( a( significant( positive( correlation(
between( total(chlorophylls(and( the(scavenging(activity(of(DPPH•( in( terms(of( IC25(was(
found(and(Phormidium5sp.(LEGE05292(showed(to(be(the(richest(strain(in(total(chlorophyll(
content(in(this(work.(In(a(report(by(Amaro(et(al.,(2015([161],(in(which(the(identification(of(
carotenoids( in( cyanobacteria( Gloethece5 sp.( was( confirmed,( the( IC50( values( for( its(
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ethanolic(and(acetone(extracts((629(and(850(µg(mLD1,(respectively)(concerning(DPPH•(
assay,(were(also(higher(than(those(of(other(studiesX(furthermore,(hexane(extracts(did(not(
show(IC50(value( (Table&5).(Müller(et(al.,(2011( [202],(could(not( report(any(scavenging(
capacity(of(carotenoids(only(by(DPPH•(assay.(Therefore,(other(antioxidant(assays(need(
to( be( performed( in( order( to( prevent( this( issue,( regarding( the( determination( of( the(
antioxidant(capacity(of(carotenoids(within(an(extract.(Nevertheless,(a(significant(negative(
correlation( between( the( IC( values( for( DPPH•( scavenging( and( the( total( carotenoids(
content(was(noted((D0.824,(p<0.01).(For(this(reason,(the(exploitation(of(these(organisms,(
specially(the(genera(Synechocystis5and(Nodosilinea,(with(the(purpose(of(being(used(for(
skin(care(in(the(cosmetic(industry(should(not(be(set(aside.((
(
(
1.3.2&Superoxide&anion&radical&(O2•&>)&scavenging&capacity&
&
Living( cells( generate( free( radicals( and( other( reactive( oxygen( species,( for( instance(
superoxide(radicals((O2•D),(as(products(of(physiological(and(biochemical(processes.(This(
molecule(is(one(of(the(major(ROS(causing(oxidative(damage(in(the(human(body([203].(
In5vitro,(O2•D(can(be(generated(by(the(βDnicotinamide(adenine(dinucleotide(reduced(form(
(NADH)/phenazine(methosulphate((PMS)(system:(after(being(reduced(by(NADH,(PMS(
reacts( with( oxygen( to( produce( O2•D.( This( radical( will( react( with( nitrotetrazolium( blue(
chloride( (NBT)( and( reduce( it( to( formazan,( a( blue( compound( with( a( maximum( of(
absorption(at(560(nm.(Any(compound(present(in(the(extract(with(the(ability(to(scavenge(
O2•D(will(promote(a(decrease(in(the(NBT(reduction(rate,(therefore(reducing(the(production(
of( the(blue( chromogen( [204].( In( this( study,( the(antioxidant( capacity(of( cyanobacteria(
ethanol(extracts(was(compared(through(the(determination(of(the(IC50(values(regarding(
O2•D(scavenging.(
Data( concerning(O2•D(scavenging( capacity( is( summarized( in(Table&9.(Phormidium5sp.(
LEGE05292( attained( the( lowest( IC50( (822.70( µg( mLD1)( followed( by( Tychonema5 sp.(
LEGE07196( (IC50=( 924.21( µg( mLD1)( and( Synechocystis5 salina( LEGE06155( (IC50=(
1275.86(µg(mLD1).( The( lowest(O2•D( scavenging( capacity(was( found( for(Synechocystis5
salina( LEGE06099( extract( (IC10=( 1183.33( µg( mLD1)( (Figure& 15).( Furthermore,( a(
significant( negative( correlation( between(O2•D( IC50( values( and( lutein( (D1.000,( p<0.05),(
canthaxanthin( (D0.954,( p<0.01)( and( !Dcarotene( (D0.955,( p<0.01)( content( was( foundX(
although( with( no( statistical( significance( regarding( total( carotenoids,( a( negative(
correlation(was(also(noted.(
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For(the(strain(Phormidium5sp.(LEGE05292(a(controversial(result(was(observed,(since(
the(ethanol(extract(of(this(species(presented(the(lowest(IC50(value(for(O2•D(scavenge(and(
no(capacity(to(scavenge(DPPH•.(This(behavior(can(be(justified,(at(least(in(part,(by(the(
interference( that( the(extract( color(exerts( in( the(DPPH•(assay,(or( by(a(possible(better(
capacity(of(the(extract(to(scavenge(free(radicals(of(oxygen(in(detriment(of(free(radicals(
of(hydrogen.(
(
(
Figure(15.( Superoxide( radical( (O2•D)( scavenging( activity( of( 70%( ethanolic( extracts( from(
Phormidium5 sp.( LEGE05292,( Synechocystis5 salina( LEGE06155( and( Tychonema5 sp.(
LEGE07196.(Values(are(mean(±SD,(n=3.(
(
Amaro(et(al.,(2015([161],(evaluated(an(acetone(extract(of(a((cyanobacteria(Gloeothece5
sp.( for( antioxidant( scavenging( capacity( using( four( methods( and( obtained( better( IC50(
values( for( ABTS+•( and( Nitric( Oxide( Radical( (•NO)( assays( (63( and( 22( µg( mLD1,(
respectively),(than(for(DPPH•(and(O2•D(assays((850(and(1394(µg(mLD1,(respectively),(for(
which(the(values(range(were(in(accordance(with(those(obtained(herein,(Similarly,(Müller(
et(al.,(2011([202],(compared(the(values(of(antioxidant(activity(of(carotenoids,(obtained(
by(various(methods(and(most(of( these(compounds( revealed(significant(differences( in(
their( radical( scavenging( capacity,( depending( on( the( assay( performed.( In( addition,(
Parwani( et( al.,( 2013( [191]( who( studied( cyanobacterial( exopolymers( from(Anabaena(
anomala(and(Anabaena5oryzae(revealed(that(these(strains(exhibited(better(antioxidant(
activities(against(•NO((269(and(284(µg(mLD1,(respectively)(than(O2•D((612(and(532(µg(mLD
1,(respectively)((Table&5).(
On( the( basis( of( this( analysis,( we( can( assume( the( need( of( further( studies( for( the(
evaluation(of( the( radical( scavenging( capacity(of( the(extracts,( namely( those( including(
different(reactive(species,(such(as(ABTS+•,(•NO(and(the(ferric(reducing(ability(of(plasma(
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(FRAP)(assays,(to(prove(whether(these(cyanobacteria(ethanolic(extracts(show(IC50(as(
low(as(those(reported(by(previous(studies.(Additionally,(in(order(to(better(compare(the(
results(obtained(herein(with(those(of(other(authors,(a(set(of(cyanobacteria(extracts(with(
solvents(of(different(polarities(could(be(screened,(once(the(polarity(of(the(solvent/solvent(
mixtures( used( in( biomass( extraction,( greatly( influence( the( amount( and( the( kind( of(
compounds(extracted(for(analysis.(
(
&
1.4& Tyrosinase&inhibitory&assay&
!
Although(melanin(is(described(as(being(essential(for(the(protection(of(human(skin(against(
UV( radiation,( it( is( also( well( known( that( its( abnormal( accumulation( induces(
hyperpigmentation( disorders( such( as( melasma,( freckles( and( lentigo( senilis( [149].(
Tyrosinase(is(the(enzyme(involved(in(the(first(two(steps(of(melanin(biosynthesis,(in(which(
LDtyrosine( is( hydroxylated( to(3,4Ddihydroxyphenylalanine( (LDDOPA)(and(subsequently(
oxidized( to( dopaquinone( [150].( This( enzyme( is( common( in( fungi,( higher( plants( and(
animals([205].(In(this(work(the(inhibitory(potential(of(the(cyanobacteria(extracts(against(
the(tyrosinase(was(assessed(by(the(widely(used(mushroom(tyrosinase(inhibition(assay(
against(DOPA.((The(results(obtained(revealed(no(inhibition(of(the(enzyme(by(any(of(the(
cyanobacteria(strains.(The(same(results(were(also(obtained(by(Alfeus,(2016([206](using(
methanolic(extracts(of( the(same(strains.(For(comparison(about(effects(on( tyrosinase,(
Sano(and(Kaya,(1995([151],(studying(Oscillatoria5agardhii,(found(a(tyrosinaseDinhibiting(
cyclic( depsipeptide,(Oscillapeptin(G( (1),(and(Wu(et(al.,( 2011( [152],( revealed( that( the(
phycobiliprotein( CDphycocyanin( present( in( Spirulina( may( exert( antimelanogenic(
mechanisms.(
Tominaga(et(al.,(2012([207],(showed(that(oral(supplementation(with(the(topical(treatment(
of(astaxanthin(can(suppress(hyperpigmentation(of(the(skin,(inhibit(melanin(synthesis(and(
improve(the(condition(of(all(skin(layers(in(humans.(Shimoda(et(al.,(2010([208],(suggested(
that( fucoxanthin,(a(carotenoid(derived( from(edible(sea(algae,(exhibits(antiDpigmentary(
activity(by(topical(or(oral(application(in(UVBDinduced(melanogenesis.(
Therefore,( in(this(work,( the(absence(of(carotenoids(such(as(astaxanthin(and(probably(
fucoxanthin,(particularly(in(these(strains(analyzed,(seems(to(be(the(reason(for(the(lack(
of(inhibition(of(the(enzyme(tyrosinase(in(this(assay.(However,(the(absence(of(fucoxanthin(
need(to(be(confirm(with(authentic(standard.(
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Due(to(the(great(demand(for(whitening(creams(that(contain(naturally(derived(compounds(
in( their( cosmetics( rather( than( those(chemically( synthesized,( the(development(of(new(
tyrosinase(inhibitors(is(important.(Thus,(since(cyanobacteria(have(revealed(a(variety(of(
carotenoids(in(their(extracts(and(previous(reports(have(shown(the(inhibition(of(tyrosinase(
by(some(cyanobacteria(strains,(it(is(suggested(that(studies(of(new(cyanobacteria(strains(
that(have(astaxanthin(and(fucoxanthin(identified(and(may(have(potential(for(the(isolation(
of(depigmentation(agents(for(hyperpigmentation(disorders(should(be(continued.(
(
(
Considering(all(the(results(obtained(in(the(present(study,(the(strains(Synechocystis5salina(
LEGE06099,(Nodosilinea5nodulosa(LEGE06102(and(Synechocystis5salina(LEGE06155(
were(the(ones(that(presented(the(more(interesting(results.(The(three(strains(induced(an(
increase( in( cell( viability( in( all( cell( lines( tested,( however,( Synechocystis5 salina(
LEGE06155(presented(the(highest(percentage(of(cell(viability,(especially(in(fibroblasts(
(up( to( 130%( in( the( concentration( 50μg( mLD1).( Regarding( antioxidant( effects,(
Synechocystis5 salina( LEGE06099( and( Nodosilinea5 nodulosa( LEGE06102( were( the(
strains(that(showed(the(best(values(for(TPC(and(DPPH•(scavenging(activity.(Likewise,(
these(strains(were( the( richest( in( zeaxanthin,( lutein(and( total( carotenoids.(The(strains(
Synechocystis5 salina( LEGE06155,( was( also( among( the( strains( that( showed( higher(
values(in(total(chlorophylls(content.((It(is(interesting(to(note(that(all(these(three(strains(
are(strains( from(which( the(glycolipids(bartolosides(were( isolated( [209,(210].(From(the(
strain5Synechocystis5salina(LEGE06099(bartolosides(EDK(were(isolated([210],(from(the(
strain( Nodosilinea5 nodulosa( LEGE06102( bartoloside( A( and( from( the( strain(
Synechocystis5 salina( LEGE06155( the( bartolosides( B,( C( and( D( were( isolated( [209].(
Glycolipids( are( common( compounds( in( cyanobacteria( as( functional( components( of(
photosystem(I([211](and(structural(components(of(thylakoid(and(cytoplasmic(membranes(
[212](being(also(described(as(being(involved(in(the(thermotolerance(of(these(organisms(
[213].(The(isolation(of(bartolosides(was(conducted(by(fractionation(based(on(cytotoxic(
assays( with( cancer( cell( lines( and( revealed( low( to( mid( micromolar( cytotoxicity.((
Considering(the(good(cell(viability(results(and(the(antioxidant(potential(revealed(in(the(
present(work(by(the(referred(strains,( these(compounds(may(be(interesting(candidates(
responsible(for(the(described(activities.(In(this(sense,(it(would(be(interesting(to(study(the(
cytotoxicity(and(antioxidant(potential(of(these(compounds.(
(
(
(
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Chapter&IV&
!
1.&Conclusion&
!
Cyanobacteria(are(the(most(ancient(and(wide(spread(prokaryotic(organisms(on(earth.(
The(adaptation(to(diverse(and(extreme(environmental(conditions(including(high(salinity,(
drought,( high( and( low( temperatures( and( contaminated( soils( led( to( the( production( of(
compounds( that( confer( protection( and( survival( capacity.( These( compounds( have(
revealed( a( bioactive( potential( which( has( proved( to( be( a( source( of( opportunity( for(
application(especially(with(regard(to(human(health(and(wellDbeing.(Human(skin(needs(
protection( against( the( environmental( factors( that( cause( skin( damage( and( aging,(
therefore,(requires(mechanisms(to(protect(against(these(damages.(As(far(as(we(know,(
there( is( relatively( little( information( on( the( potential( uses( of( cyanobacteria( in( skin(
protection.(Estimating(the(biotechnological(potential(of(cyanobacteria,(we(reported(here(
that(cyanobacteria(ethanolic(extracts(from(LEGE(CC(strains(are(rich(in(carotenoids(and(
phenolic( compounds.(Regarding( cytotoxicity,( with( the( exception( of(Oscillatoriales( sp.(
LEGE07167,(an(absence(of(toxic(effects(in(HaCat,(3T3L1(and(hCMEC/D3(was(found.(
Additionally,(Synechocystis5salina(LEGE06155(presented(the(ability(to(increase(the(cell(
viability(especially( in(fibroblasts.(Concerning(antioxidant(activities,(some(of(the(strains(
presented(antioxidant(potentials( for( the( two(assays(applied.(From(all( the( results,( the(
ethanolic( extract( by( strains(Synechocystis5 salina( LEGE06099,(Nodosilinea5 nodulosa(
LEGE06102(and(Synechocystis5salina(LEGE06155(revealed(an(interesting(potential(with(
application(in(skin(care(products.((Along(with(the(potential(of(cyanobacteria(to(produce(
compounds( for( use( in( cosmetic( formulations,( there( is( also( the( advantage( that( their(
productivity( may( be( improved( by( manipulating( the( culture( conditions( or( even( using(
modern(genetic( engineering(approaches,(which(can(make( the(production(more( costD
effective.( In( conclusion,( this( study( represents( an( approach( to( the( application( of(
cyanobacteria( in( cosmetics( and( cosmeceuticals( and( emphasize( the( biotechnological(
potential(of(this(organisms(in(a(very(demanding(and(under(continuous(innovation(area.(
(
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2.&Future&Perspectives&
!
Although(this(work(has(brought(new(insights(into(the(uses(of(cyanobacteria(for(skin(care(
products(more(experimental(works(need(to(be(performed(namely:(
•( evaluate(the(antioxidant(potential(of(extracts(by(other(chemical(methods(such(as(•NO(
and( ABTS+•( scavenging( assays( and( by( enzymatic( methods( such( as( glutathione(
peroxidase( (GSHPx),( superoxide( dismutase( (SOD)( and( Lipid( peroxidation( (LPO)(
assaysX((
•( evaluate(the(production(of(dermal(fibers(by(fibroblasts(such(as(collagenX(
•( estimate(the(protective(effect(of(cyanobacteria(extracts/compounds(on(keratinocytes(
(HaCat)(exposed(to(UVR(light.((
•( Cyanobacteria(ethanolic(extract(characterization(–(for(example:(Flavonoids(
(
From(strains(Synechocystis5salina(LEGE06099,(Nodosilinea5nodulosa(LEGE060102(and(
Synechocystis5salina(LEGE06155,( it(would(be(interesting(to(study(the(cytotoxicity(and(
the(antioxidant(potential(of(the(already(described(compounds,(bartolosides.((
An( interesting( point( that( may( also( be( considered( in( future( studies( is( the( study( and(
manipulation( of( culture( conditions,( in( order( to( improve( the( production( of( interesting(
compounds.(
(
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